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Acid Rain: Controllable? 


bestur . 

Air Resources Laboratory, National Oceanic 
JjdAUnaspIieric Administration, Rockville, 

HD 20852 

Introduction 

Add rain is one of a growing number of 
environmental issues in which impacts are far 
removed from the source uf lhe irritants. 

.tw w ho suffer may differ in geographical 
area Irom those who benefit from the activity 
which releases pollution to lhe atmosphere, 
like the issue concerning the depletion or 
came by manufactured chemicals, the odd 
nig issue further emphasizes lhe need for 
continuing atmospheric chemistry research, a 
jdoice whose history dates back but n few 
daades. Examination of the arid rain issue 
jIm calls for intimate collaboration of atmo- 
ipherk scientists with ecologists, biologists. 
Brother scientists, who must advise the geo- 
physicists regarding what chemicals in the 
mironment produce damage, their mode or 
entiy into an ecosystem, and the need to im- 
dmiand arute or chronic impacts. 

The general public believes acid rain pro- 
duces ecological damage and should be 
Hopped. The atmospheric transport, chemis- 
uyjand removal processes are known very 
b perfectly and thus one may justify or reject 
lhe public's belief depending on the data one 
selects. To try to resolve the scientific uncer- 
lahuies. die federal and state governments, 
private organizations, and many foreign 
countries have mounted major research ef- 
forts. The federal government, for example. 
Ins doubled its acid rain expenditures be- 
tween 1980 and 1983. From the perspective 
of an atmospheric scientist, what may be in- 
volved in preventing acid rain? 

Acidity Widespread 

According to conventional wisdom, distilled 
water in the presence of atmospheric CO z 
would produce carbonic acid with a pH of 
5.6, and therefore any precipitation with a 
pH below 5.6 should be viewed as acid rain 
aod, by implication, caused by humans. In 
the past few years, sufficient measurements 
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have been made at remote locations to indi- 
cate that rarely is the pH equal to 5.6, and 
when it is, the equality is fortuitous. More of- 
ten. the pH of precipitation is well below 5.6. 

For example, the average amount-weighted 
pH or precipitation at the National Oceanic 
and Atmospheric Administration’s Mauna 
Loa Observatory in Hawaii, whose elevation is 
more titan 3300 m, is near 4.3. In and down- 
wind of arid regions such as die western 
United Stales, the pH mighL well be above 
7.0. 

Ail explanation for the occurrence or low 
pH rain in areas remote from manufactured 
atmospheric pollutants was given by Charlson 
nttd Rhode [1982]. The negative ions usually 
associated with the acidity of precipitation in 
remote places are sulfate rather than nitrate, 
but in some areas organic ions may be equally 
important. The sulfate may have come via 
long-range transport From distant, man-made 
sources or from naturally occurring sources 
such as ocean biota. This relatively new find- 
ing leads to the unanswered question: What 
would be the acidity of precipitation in east- 
ern North America in Lhe absence of any 
man-made sources? 

Control Possibilities 

The usual approach to assessment of bene- 
fits from emission control scenarios relies on 
models which purport to simulate the trans- 
port. die chemical transformations, and the 
deposition of acidic materials, especially on 
ecologically sensitive areas. With Tew excep- 
tions ( Rhode el al. [1981] is one of them), the 
chemistry involved in the models requires 
only firsL order kinetics in predicting the 
transformations or SO* to SO* - and N0 2 to 
NO]'. There appear to be grounds for arguing 
that these conversions may not be linear since 
the oxidation involves trace oxidants and cat- 
alysts that are not necessarily always present 
in adequate concentrations. We can't lie cer- 
i.iin of the exact details because the chemistry 
that lakes place within a cloud droplet or ice 
crystal is ditfieiill to study, yet is thought to 
lie an important part nf the irans format ion. 
The consequence of possible nonlinear chem- 
ist! y in Lite acid r.iin issue means that a re- 
duction in emissions from a specific area 
might iioi result in a |>rupunioi!ul decrease in 
dc|>usilioii from dial souue. A lincai re- 
sponse is predicted from most existing acid 
rain models. 

Lu overcome many of these problems, it 
has been suggested that a large field experi- 
ment might be mounted which, in one fell 
swoop, would link source and receptor. Both 
the U.S. Environmental Protection Agency 
and the private Electric Power Research Insti- 
tute are exploring this possibility with prelim- 
inary ideas expected in perhaps a year from 
now. This writer and others believe that the 
most promising of Lhese experiments would 
be a trial emission variation in which an area 
would first deliberately reduce S0 2 emissions 


GOES-4 Failure 
Investigated 

Visual Infrared Spin-Scan Radiometer 
IVISSR) on board the western Geosynchro- 
J5J 1 Operational Environmental Satellite 
gOpri), failed at 0445 UT, November 26, 
l9 «. as a series of Intense storms descended 
00 toe California coast. The V1SSR maps the 
*^to and its cloud cover day and night and 
the tracking and forecasting of severe 
!J®®t systems. This failure of the VISSR on 
yd COES-4 deprived weather forecasters 
“I an Important means of tracking the night- 
“®e progress of life-threatening storms as 
^ moved across the Pacific. 

The cause of this critical satellite failure is 
“‘Prat interest to the National Oceanic and 
'Vjj’wpheric Administration (NOAA), opera- 
the GOES network. A study now in 
should resolve the reason for failure 
^.determine whether solar activity caused 
“ figure 1 was prepared at the National 
“^physical Data Center in Boulder, Colo., in 
^*Pye to a call for information about the 
nAbn *P ace environment at the time of the 
^■4 failure. 

AN GOES spacecraft carry a Space Envi- 
ly* 1 * Monitor (SEM) instrument package 
n fri 8,1 X ray sensor, a three-compo- 

Too I T a B ne tometer, and a particle detector. 

“piher these instruments provide continu- 
^ monitoring oF the space environment at 
rS te| fit e , 1 altitude. SEM data from selected 
Vjfwtes ®re received and processed for ar- 
i„ r, n £. ® c the Space Environment Laboratory 
ES^er. When GOES-4 failed at 135°W . ; 
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Fig. I. The monthly concentration of hydrogen ions (left scale) and (right scale) in 
precipitation at about six surburban locations in the Washington, D.C., region. The num- 
bers at the top represent mean annual concentrations of hydrogen ions. All values arc 
weighted by the amount of precipitation. The figure shows dial there has been a general 
decrease in the acidity of precipitation near Washington, D.C., since 1975. Other nearby 
ji a Lions measuring precipitation acitliLy both support and conflict with the Washington 
trend. New York City and Long Island measurements show a smaller decrease in acidity, a 
monitoring station at Edgewater, Maryland (Only 40 km east or Washington), shows the op- 
posite trend, while sites at Charlottesville, Virginia (about 160 km southwest of Washing- 
ton), and State College, Pennsylvania (alnut 225 km northwest of Washington), exhibit very 
little systematic change since 1975. (Washington, D.C., data courtesy of John M. Miller nf 
NOAA.) 


to helow-avcrage levels and then raise them 
to above average; iiccnni|ianyiug these 
changes -would lx: measurements of corre- 
sponding changes in downwind deposition. 

This experiment has several practical prob- 
lems, including potentially very high cost, 
since it would have tn be conducted long 
enough for statistically valid results lo be ob- 
tained; a need Tor cooperation from utilities; 
and an extensive monitoring network (includ- 
ing measurements of dry deposition). 

Patterns of hydrogen. sulFaie. and nitrate 
ion deposition in rural precipitation show a 
maximum in Ohio. Pennsylvania, and adja- 
cent areas. This region lies within and imme- 
diately downwind nr die areas of must intense 
SO, and NO, utility and industrial emissions, 
causing a very highly suggestive association 
between emission and deposition. The hydro- 
gen and sulfate ion concent ration and deposi- 
tion in precipitation exhibits a seasonal varia- 
tion, with higher values in the warm season; 
nitrate Tails to follow any marked seasonality. 
Longer-term time tends in acidic deposition 
are greatly hampered by the poor or uneven 
quality of most observations prior to almut 5 
years ago. Nitrate concentration in northeast- 
ern U.S. precipitation appears to be increas- 
ing slightly while sulfate is decreasing. Both 
of these trends agree qualitatively with emis- 
sions of SOj and NO, during die past decade 
in nearby regions, but the trends in the con- 
centration of hydrogen ion during the same 
period are less clear. Unfortunately, we are 
unable to measure the deposition of any of 


these chemicals adequately during dry weath- 
er with a network nf samplers. It is believed, 
however, that a significant fraction nf the to- 
tal deposit ion occurs as dry deposition. 

The scientific community recognizes that 
there arc major uncertainties in our knowl- 
edge or the geophysical aspects of acid rain. 
But few, ir any, scientists will deny that man- 
made emissions of SO, and NO, coni ribulc 
to or arc l lie main cause uf the acid rain phe- 
nomenon in eastern North America. Where 
many da disagree is in the confidence that 
should be placed ill predicting the benefits of 
a given emission control scenario. Many be- 
lieve that present levels of acid deposition sire 
now damaging the environment and might be 
inclined to take the risk that an overly con- 
servative scenario would be chosen. Others 
might argue that the increased damage over 
lhe next years while belter knowledge is gath- 
ered would be small, particularly in contrast 
to increased costs lo consumer*. To my 
knowledge, all scientists, politicians, environ- 
mentalists, and industrial managers agree mi 
the need to resolve the uncertainties as soon 
as possible. 
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ttle reference satellite for SEM ar-' 
tO&W^ 68 wa * GOES-2, located at • , 
sairitii kjn 8 Il ude. The proximity of the two 
«.«, s “8$esied that their. local environ- 
r-g. . wcre similar; and selected da(a from 
dur*n- nta £ ve GOES-2 channels were repro- 

T?i ; or November 26 - 26 , 198?. • . 

top frame of .Figure I shows the t 


prominent X4.5 solar Hare reported by the 
Space Environment Services Center at 0229 
UT. Owing to the intensity of the Bare and 
die history of its associated sunspot region, 
forecasters at that center immediately posted 
a proton evenL warning. 

Close inspection of the middle frame shows 
that indeed the fast, high energy protons in 
the 1 10-500 MeV range began arriving at 
the satellites approximately 45 minutes be- 
fore failure, with slower protons arriving in 
quantity a few minutes after failure. Counts 
of electrons trapped at geostationary altitude, 
6.67 earth radii, often show a quiet-time daily 
variation, a variadon that produces lower 
electron counts in the UT morning than in 
the UT evening. The electron curve does not 
drop to quiet-lime values on the morning of 
November 26, indicating the satellite environ- 
ment contained a significant electron flux at 
the time GOES-4 failed. Lacking spectral in- 
formation for electrons, however, we can give 
no detailed interpretation of their impor- 
tance. 

The magnetometer's three field compo- 
nents are defined as fallows: H p Is parallel to 
the satellite spin axis and is perpendicular to 
the satellite’s orbital plane; H ? lies parallel to 
the satellite-earth line and points eardiward; 

H„ is perpendicular to both H p and H e , and 1 
points westward. No magnetic storm iaedvity 
U Indicated when GOES-4 failed. Note, how- 
ever, the correlation between die H p curve 
and the electron curve. . 

This display of die SEM data does not tie- 
tennlne the cause oF the GO^S-4 failure. It 
does nevertheless raise the question ofsolar 
activity as a contributing factor. According to 
NASA Headquarters, there are currently -86 
surveillance and communications satellites ill : 
geostationary orbit, representing a U-8. in- 
vestment in the tens of billions bf dollars. An 1 
investment of this size will eventually stir re- 
newed interest in Solar-Terrestrial delation-. 

5h Space environment data from the GOES . 

Ne*s (cont. on p. 954) 










N 

; t ■ 






! ; i 

iJ : 

'•i t J 


EOS November 29, 1983 


N€WS front, from p. 933) 

system have been archived continuously since 
Ju!y !974 and are available for sale iltruiivli 
* , Solar-Terrestrial Physics Division of the 
National Geophysical Data Cemer--.ni orga- 
nization known internationally as World Data 
Center A for Solar-Terrestrial Physics. In- 
quiries should be addressed to lire National 
Geophysrcnl Data Center, NOAA Code EJ 
GC.2, 325 B roadway, Boulder, CO H0303 
(telephone 303-1517-0 1 36J. 

77i« news iteiu u'as contributed by Daniel C. Wil- 
kinson, who h with the National Geophysical Data 
Center, Boulder, CO 80303. 

Future Natural Gas 
Supplies 

Despite recent optimism about die outlook 
for die future supply of domestic convention- 
al natural gas, the Congressional Office of 
Technology Assessment fOTA) finds insuffi- 
cient evidence lo dearly justify either an opti- 
mistic or a pessimistic view. In a technical 
memorandum entitled "U.S. Natural Gas 
Availability: Conventional Gas Supply 
Through the Year 2000," released recently by 
Rep. Philip R. Sharp (D-Ind.), chairman of 
the Subcommittee on Fossil and Synthetic Fu- 
els of the Committee on Energy and Com- 
merce, OTA concluded that substantial tech- 
nical uncertainties prevented a reliable esti- 
mation of the likely natural gas production 
rates for later in this century. Even ignoring 
die potential for significant changes in gas 
prices and technology, OTA estimated that 
conventional gas production by the lower 48 
states In the year 2000 could range from 9 io 
19 trillion cubic feet (TCF) (0.25 to 0.53 tril- 
lion cubic meters), compared lo 1982 produc- 
tion of 1 7.5 TCF. Similarly, production in die 
year 1990 could range from 13 to 20 TCF. 

OTA’s wide range of projecdons for plausi- 
ble levels of con ven lionat gas production in 
the lower 48 slates in the year 2000 contrasts 
sharply with the relatively narrow range 
shown in publicly available forecasts. OTA 
examined 20 separate gas supply forecasts 
■ com l ,an * es * private insiituiions and 

individuals, and government agencies. Thir- 
teen of the 14 forecasts that project a produc- 
tion level for the year 2000 fall within I] to 
15 TCF. According to OTA. this high level of 
agreement Tor a production rate two decades 
from now is made all the more unusual by 
‘u e P rob i lbi,il y of substantive differences in 
die baseline assumptions used by various 
forecasters. 

It was determined that current proved re- 
i erv “ ,n lhe *° wer 48 states will supply only a 
PC l S'**. 1, of Production by the year 
2000. All other domestic production must 
come from gas which has not yet been identi- 
fied by drilling. OTA found no convincing 
basis for the argument that the lower 48 
sates have been so intensively explored, and 
meir geology has become so well understood, 
that a consensus can be reached about the 
size of the gas resources. According to OTA 
Jriaunble estimates for the remaining conven- 
tional natural gas in the lower 48 that is re- 
coverable under present and easily foresee- 
able technological and economic conditions 
can range from 400 to 900 TCF. This range 
vanes from a level that would seriously con- 
strain gas production by the year 2000 to a 
level that might allow production to continue 
at current levels for the remainder of this 
century. 
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It is unclear whether the recent surge in 
the rate of additions to proved gas reserves i 

(for example, 1981 reserve additions were < 
over 20 TCF compared to an average of i 

about 10 TCF per year for 1969-1977) is l 
substantial. Consequently, the range of plau- ( 
sible annual reserve additions is wide even ti 
for the near future: OTA estimates that for n 
the lower 48 states for 1986 and beyond the 1 
range is from 7-8 TCF to 16-17 TCF, as- I 
suming that the current excess of gas produc- t 
lion capacity ceases and market conditions I 
improve. The rate at which gas can he with- 
drawn from proved reserves— the R/P (re- ■> 
serves to production) ratio — may range from I 

7.0 to 9.5 in the lower 48 by the year 2000, , 

adding additional uncertainty to projections J 
of future production potential. The R/P in 
1981 was 9.0, the result of a long and rela- ( 
lively steady decline from a level of 30 in 
1946.— PAffl 

Survey of Foreign 
Graduate Students » 

s 

In the 1983 American Institute of Physics c 

(AIP) Graduate Student Survey, the issue of * 
foreign versus national students in U.S. grad- v 
uate programs was explored. In the past dec- l 
ade, the number of entering graduate stu- 
dents from foreign nations in American uni- ( 
versities has risen from about 600 to about 1 

1 100, an increase from 23% in 1973 to 40% c 

in 1 983 of all entering physics graduate stu- I 
dents in the United States. There are more 1 

than 10,000 graduate students in physics in 0 

the United Slates c 

The benefits, or lack thereof, of having c 
foreign graduate students raises a number of c 
philosophical points. Like all students, for- *' 

eign students learn from academic programs; r 
but at high competitive levels, they contribute c 
as well. The essence of growth in any aca- f 
demic program is described by the creativity 1 
supplied by ever incoming students. In an ac- a 
ademically competitive system the question of i 
foreign students displacing U.S. students in l 
graduate programs has no definition. On the 1 
other hand, what about the graduate job * 

market after graduation? Some would point 
lo the return of foreign graduates to their L 
homeland as an example of U.S. education r 
efforts not benefiuing U.S. society, at least di- 5 
reclly. Others worry about foreign graduates 
flooding the U.S. job market. , 

What the AIP Graduate Student Survey in- t 
dtcates is that many foreign graduates in i 

physics did not compete for Jobs in the Unit- J 
ed States this year and thus did not create 1 
problems during this year's dediningjob 1 

market. Although noncitizens amounted to 
over 30% of the total graduate student popu- 1 
lauon; they look only 14% of the jobs in a 
market in which 52% of the Ph.D.'s had two 
or more job offers . — PMB • 

Space Science 
Reference Books 

The National Aeronautic and Space Ad- 
ministration's (NASA) Marshall Space Flight 
Center has recently produced a two-volume 
reference detailing a wide range of informa- 
tion about the planets, their atmospheres, 

u m Reld , s ’ 9 ri ginally prepared 

by Marshall s Atmospheric Sciences Division 
as a guide Tor designing space vehicles, the 
report was 2 years in the making. It is now 
available to anyone who wants a handy refer- 
ence on the current state of knowledge about 
the sun, planets, and smaller bodies of the so- 
lar system. 

‘Spy* an r d Planeta[ 7 Environment 
Criteria Gmdelmes for Use in Space Vehicle 
Development, 1982 Revision," thetwo vol- 
umes each have fewer than 200 pages. Vol- 
ume 1 treats the sun, terrestrial space, the 
moon. Mercury Venus, and Mars in individ- 
ual chapters. Volume 2 covers Jupiter, lupl- 
er s satellites, Saturn, Uranus, Nepmne, Plu- 
“"lets and interplanetary dusL 
Crammed with numbers, tables, and figures 
the two volumes provide a wide range of 
dam, such as the total energy flux of the sun 
and the mass density of mtSplaneiary dust. 

The chapters oil die moon and on each 
planet arc subdivided into sections on dynam- 

phys ? cal data ‘uch as gravita- 
honal and magneuc fields, planetary interi- 
ors, surface features, and, when applicable 
atmospheres, ionospheres, magnetosDhermi 
! and satellite,. Here the 

date figure, for the compraiiiotl of Neptune”, 

i^ rV 1 "' 1 ’P'* 1 * V <™>. the 

strength of Mercury s magneuc field or th*. 

tadto, or Pluto’, mLn Charon. A ch.no.r L 
the satellites of Jupiter includes data culled 

ii he ° yage [ m,srions - Including infor- 
mation on several mopns discovered by Voy- 
ager and on the planet's thin rjng system. Y 

In the chapter on terrestrial space there 
are data on such nk. n merc 


Chapters on comets, oil asteroids, and on need fur iimmy and foinmiinient m s, 

interplanetary dust clouds include discuss inns "'hie fli'H-iuiii.iiiun uf knowledge ih ™ 1 ” t ^ a ro- 

of the distribution and origin of these smaller :ir,ls 1,1 ‘hesc rct.iiitm,],!,,., atademJ?^® 
residents of the solar system. In addition to , r S‘ ,, K ui, «l- Among ihc haurH,** 4 * 

the data and tables, cadi diapier also in- "* ,l,,,wr %-baiS 

iiiiiiiiii.ii . « ” 10 


W. Vaughan, Chief, Atmospheric Sciences 
Division, ED4J, Systems Dynamics Labora- 
tory, NASA Marshall Space Flight Center, 
Huntsville, Alabama, 35812. 

University Contract 
Research 
Guidelines 

Concerns have been raised in the past few 
years over the increasing reliance of universi- 
ties on contracts with outside agencies, public 
and private. These concerns have been the 
subject of meetings by the National Commis- 
sion on Research, lhe Pajaro Dimes confer- 
ence of university presidents and corporation 
executives, the Association of American Uni- 
versities, and the Association of American 
University Professors, among others. 

The American Civil Liberties Union 
(ACLU) recently revised its "Policy #64: Tile 
University and Contract Research," to ad- 
dress these issues in a way dial "will help 
[university) administration and faculty act so 
that [Lheir} relationship with government 
agencies or private industry will in no way vi- 
olate the professional freedoms which have 
contributed so much to the status of Ameri- 
can higher education," The ACLU has fol- 
lowed the issue, it says, "because of our deter- 
mination that contractual relationships pro- 
ceed within a framework Lhat protects 
fundamental academic freedoms," The 
ALCU guidelines, dated October 28, 1983, 
are as follows: 

Policy Statement of American Civil Liberties 
Union on University and Contract Research Wilh 
Emphasis on Growing Ties Between Corporations 
and Academic Institutions 

Free and open inquiry and unhindered circula- 
tion of ideas arc fundamental aspens or academic 
freedom. Externally funded ami comrolcd research 
may divert the basic interest of the university j* a 
u ? nd Upe ° ar,ldcmic conununiiy mid hence 
should be curtailed as an intrusion into aiailcmic 
frccdom. Contractual research rclmioiiiliim lie- 
tween nonacademic external groups and the univer- 
sity may or may not benefit bmh parlies anil society 
at large. However, generally because of the pruijii- 
elary interests of nonacademic external groups on 
the. one hand, and on the oilier (lie university's 


..^Tthe^lS^ 

d-iiii . tlK hdlowing guidelines should bSS' 
m believer umveisities enter into™!, 
warch relationships: ,mo “"‘nwuaj* 

' Guideline I Universities andfor thrirm • 

« bools ... should not 

V '" n «"«“ Wwim-iil* Tor the sunpon^E** 1 
m resrart h. winch um| CT , 1|Xln -l n „, 

Hu- power to censor or delayer cxereSte ' 
vet., over either the rmilem* of SS *“* . 

ilissnninaiioii ol remits and conclu^n ^I ! 
l ioin uisti III lion or research Public ^ ^ 
'-.dings may hc inordinate! rWtS 

however, he lein,«,r.„ j|y delayed in 0 S i 
{Kitcm ughls or permit the reiearrh^^r 

view l!«; proposed cation fortheE^ 

ol ukuiifymg proprietary Inromiaium 
."id Ix-lnnging n, i|,c sponsor. 

Guideline 2 Universities should enter no cm 
ir.ul ami accept no gram that requires theWh,, 

pnljwL t i;,r ' ,ntC " f d " y pCTSOn ““cfcKdSfL 

Guideline 3 Kva]„ U iion of faculi, for denit 
apixmunieni. tenure, and pronw.loa shcuCa 
lilt exclusive province of the univctiliy, audawre. 
search mn open m uiiical. profoKional judi 
should nut Ik* used as a lasts for evaluation*™ 1 

Guideline -I In evaluating propoied racarli 
projects the evaluating auihorily should judge ai 
prop.n.i| solely on lhe basis or the work's meriL Tfc 
researcher most retain rise freedom lo chow the 
subject of his or her inquiry. The individual fcruli, 
member should not he snbj«i to insuiudojial or«. 
lernal coercion iu accept or noi accepi a pamcnb 
research pniject. 

Guideline 5 Universities should not aikw thm 
relationships will, nonacademic external groups to 
skew their le.uliing, research, and public stmt 
missions. 

Guidelines Universities should puMdydbtliN 

all hums 1 1 - search rolaiionships that maybetn- 

teicd inio with external cnlilics and all jpoiuonhip 
or hiiuling hv such entities of faculty confnenfu 
and wi irk simps. 

Guideline V While these guidelines should be 
1'indmg on the university as a corporate entity aid 
on its 1 1 him iiiii-ni schools or depanmems, fandiy 
memlx-ix sin m Id judge lhe validity and pro pried of 
anv anaiigi'tiu'iiis tlu-y may enter with an ouiiide 
ngi-iicv m ilieir i-.ip.Kiiv as iiulividu.ili. They should 
lx aw are ih.u when ilioy have a managerial position 
or rquitv in a iiH|xnalion. a threai to academic 
lieciiimi may ill Kv frmii h possible conflict ofinier- 
i'st in i hi* guiii.nii i- of gi.nluaie uudeiui' work, 

Irniii dll- seh-i lion and ]iubliiaribnofresearthpnij- 
nts. and imin pi nju h-i.u r or paient righu in the 
pioduiis u] ri-si-aich. The onycirisiUm- 

iiiiim In- iii t/ie iiniveraily's teaching, rnesrei, tod 
pulilii- si-m'ie mission. 



Our Modern Stone Age 

Robert L. Bates ami Julia A. Jackson, William 
Kautmann, Inc., Ltjs Alios, Calil - ., vii + I J6 
pp.. 1982, $18.95. 

Reviewed by W. D. Lowiy 

Unlike mosi Iwoks dealing with indiistrlnl 
minerals and rocks, Our Modern Stone Alv Is a 
pleasure io read. Within a mailer of several 
— excellent Introduction 
°. n ° nm , C lC , ’? i, ? cral nmaren ami Indus, 
fries exclusive of the mineral Tuck l he book 
is very wel wntLc,, and well ilhiainucd will, 

Fo h r h?^ n and < ) n,w,n B* 5 ahhmigl, piidicd 

rc d n e : el " scnl ay, !! ai1 ' il is 1,1 11,1 ™ l, y 1,11,1 

f i eVe ° a wcl, - vcracd economic geol- 
ogut. Nearly every geologist, mining cngi: 

"iTn wm'finH C “ nQ T l - P ,ani,ei '. and pollii- 
cian wdl find points of interest in this book. 

roU^nH n !!^ UCt0ry C,1 r aplC! ' emphasizes the 

vd ole ?° rian “ ° f lhe inf,ustr >' *w a 
liole and also considers energy require- 
ments and environmental matters. Chapter 2 
8 cusses modern modes of transporting Stl 
ous nonmetalUc minerals, and chLpicr 3 is a 

Slim m WCl1 handled discu ssion of benefi- 
ciation processes used in upgrading specific 

1 8 yr. m - Sp^ and 

btach sands rich in ],cavy mineral, 

nnre 1 mt la|>l f r J d ''! 0,ed 10 refined, 

pure minerals deals with Ottawa silita aanrf 

andSa finaB 13 ■° h '? ) , Limesionc - Gulf Coast 

dUtom e ^h i, 331 de P [Jsiu ’ ^d California 
aatomite. The chapter dealing with five 

Carlsbad ‘" dudeS a diK -»ion of 

M " Ico) . and Saskatchewan 

^a^r^ P An .h Wy °f ,ng trona ' and Galifor - 
SLhtwt Anolher cha Pfer concerns the 

K i s ui , scs tei p ? liic and vermicu - 


One fsise cited is dial a * alld an{ * 
pi culm ei on I sing Island who was zoned «n 
of business." <ln lhe odier hud. a coopen- 
live projed lie l ween Munichir State CoUeg' 
in New Jersey mill a nearby producer o 
crushed "trap rock" resulted in the convent 
III sleep, iNixiillk: icrr.iiic into a innch-neeOM. 
Ii.5-lie. iare site of graded level 
I ii ml . luipier Is ail uinlonk for J 01 '^ 1 
mineia! prodm lion in the 1980 s. A PP^, 
include a list of recent Ixwks and P»|*» ‘ 
run her mulii.K, a list of source* of )«»• 
si ale pu bl icni ions, m«l » l« l ^nneralions- 

and i[iian ies and nwclern mmlng 
Hull such a book ns 

liet-n available, my ftinncr bwto* 1 ■ ‘ j, 

noink geology whiUI not only ha ^ 
valuable supplemental reading but also 
joyahlc asslgnineiU. 

W. D. Lowry is with the 
cnl Sciences, Virginia Polytechnic 
University, Blacksburg, VA 24061. 

Irrigation Economics 
in Poor Countries* 

Illustrated by the Usangu 

* Plains of Tanzania 

Arthur Hazlewood and lan Llvinp 1 ^ 
gamon, New York, viii + 144 pp-< 

Reviewed by Duncan A. Harkiii; - 


coukU 0 ^' 


This little book of 144 page* 
sibly touch on all of (he econom . feid/fy 
ceming irrigation, but the few i * 

make. Irrigation Economics m p ^ r . C °S^. ' 
worthwhile reading for eve " heWcM 1 ’’ ’ 

TLdpInj*'; 


mersed in the subject ap wcu 7 ihe > 
ers. It is particularly good in de er j^igaiiod. 
distinctions among run-df- -th' e_r ?* . - j iq 
storage to evert-out season?) varwu . 

flow, and storage to even-out a ; " P ' j faf re? ^ 
tjons. Tills subject is/ieldom.e^wTU,^:;;- 
cent literature pn Irrigation econ ^y 

otithnra'pnnHude for thflir specul^ ^ 


well os infornS k ^ atl ? 08 P here » as glass, refractor^. 'ZHTLT “ ,,4 »* ci ure or tjons. TJiis subject is seiaom, ^“rrrt ^ ^ 


wmmrnrn 


r followed by five chapters that de- 
Sihe study area and the dcvelopi.iemal 
in wliicli the potential imgaimn de- 
set. As such these latter cliapieix 

£35 p s° me of Lhc n r ,cc f ° r vW'w . ,l,c 

^Sic models introduced in the first lour 

^firsl chapter shows that in a climate 
i. rwterized by wet and dry seasons and 
E«ultant irregular river Hows, the irn- 
Searea in run-of-thc-river irrigation « 

LUed by the low-flow period during the 

season. The authors develop die irn- 
E area for the Usangu Plains under the 
Lnption of large, mcchaiii/cd farming op- 
(radons that have equipment tlml can plow 

wound before the rainy season begins 
and thereby get an early crop of rice. This 
becomes important in the second chapter in 
,tidi die authors develop the demand for ir- 
nniion water under two distinctly different 
of farms: small peasant producers and 
ihehrge mechanized farms. 

Because the peasant producers do not have 
mechanized plows they must await the begin- 
niDeof the rainy season to till the paddies 
with hand and animal methods. As a result or 
this difference in liming of farm operations 
the water demands of die large, mechanized 
farms and the peasant producers in this spe- 
cific setting are largely complementary rather 
than competitive. Chapter 2 uses a linear pro- 
gramming model to develop die optimal mix 
of mechanized farms and peasant produceis 
and the irrigated area that would apply un- 
der that optimal mix. 

Chapter 3 introduces the problem or risk 
ibat results from variations in flow from the 
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avci-Hgc. It is noted in general that the defi- 
cits from the expected average flows can be 
accunintodaied by adjustments in the area ir- 
rigated (i.e., aL the extensive margin), or in 
the rate of application (the intensive margin), 
or in some combination of bmh. A further 
aria pi at ion to irregularity and unpredictabili- 
ty of flow is. or course, storage, which is dis- 
cussed in chapter 4. 

The authors show a computational method 
for generating the marginal benefits For an 
array of different levels of storage and use 
the linear programming model For optimal 
mix of peasant-producer and mechanizcd- 
fartn acreage (or each potential level or stor- 
age. Il is noted, very importantly, that storage 
partly destroys the complementary relation- 
ship bciween peasant producers and mecha- 
nized Tanns, so that they become increasingly 
competitive in their demands for die stored 
irrigation water. These computations include: 
the engineering factors oF water losses due to 
storage and transmission; the economic con- 
siderations of what price lo use to value the 
product; and the problems of exchange rate 
distortions. 


The next Four chapters, which discuss the 
physical and social context of the pnicnti.il ir- 
rigation development, show sensitivity to effi- 
ciency versus equity issues and lu the practi- 
cal limitations or capital anti human re- 
sources. The book ends with a chapter that 
develops the distinction between technologi- 
cal efficiency and economic efficiency, a point 
that may seem old to some readers, but per- 
haps needs to be made again. As part of this 
argument the authors note that the increas- 
ing use oF benefit-cost analysis has probably 
increased general awareness of the frequent 
divergence between private and social costs 
and benefits. The authors use the livestock 
density issue of the Usangu pastoral economy 
to show that the technical ratio of livestock/ 
land neglects the economic consideration of 
the number of livestock needed to support 
subsistence of the herders. 

The authors might well have used the 
problem of livestock density as a prime exam- 
ple of the divergence between individual and 
social interest and then extended the discus- 
sion to one of the most interesting and diffi- 
cult problems in irrigation economics, 
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ground water depletion. Groundwater deple- 
tion and livestock density are conceptually 
very similar problems ol open -access re- 
sources in which use rights are poorly de- 
fined, thereby leading to behavior hy individ- 
uals which depletes the rcsuurcc, contrary to 
the interests of the group. 

Some other topics oF irrigation economics 
not covered arc pricing of irrigation water, 
large scale versus small scale projects, systems 
for allocation nr water among users (e.g., ro- 
tatiuii and continuous How), investment in 
new irrigation versus rehabilitation on exist- 
ing systems, and the effect of land tenure on 
those who bcncliL front irrigation. The read- 
er will have to look elsewhere for develop- 
ment of these issues. Ycl the book covers a 
surprising amount of ground in a compact 
space and concise style. 

Duncan A. II firkin is with the Department of 
Agiicullural Economics, University of Wisconsin - 
Madison, Madison, Wl 33706. 
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ditional insertions $2.75. 

Studtnt Opportunities: first insertion free, addi- 
tional insertions $1.50. 

There arc no discounts or commissions on 
classified ads. Any type style that is not publish- 
er's choice is charged for a! general advertising 
rates. Eos is published weekly on Tuesday. Ads 
must 1>e received ill writing on Monday, I week 
prior to the date of ptiblicarion. 

Replies to ads with box numbers should be 

addressed to Box American Geophysical 

Union. ‘JfJUil Flori.la Avenue. N W- Washing- 

mn. d. c; aoooy. 

For lurilirr iubiriiuiion, call lull tree «00- 
-124-21 8K oi, in ihc Washington, I). C... area. 
-il>2-G!Kri. 


POSITIONS AVAILABLE 

National Center for Atmospheric Rcsearch/Ph.D. 
Researcher. NCAR's Atmospheric Cheniistiy and 
Acronoiny Division seeks experienced Fh.p. re- 
«*:irrliei with record of sustained productivity in 
1 1 lo.u y and modeling of atmospheric chemistry. Pri- 
mary interest Is in gaseous photochemistry and cou- 
pled client lea Vmc \ com logical models, bin all special- 
ties will be considered along wilh scientific breadth. 
Appointment is at SciciilisMlI or Senior Scientist 
level. Apply wilh resume to Dr. R. Cicerone. Na- 
tional Center for Atmospheric Research. P.O- Box 
3000. lloulder. Colorado 80307. by December 20. 
1083. 

Equal Opportunity Employer M/F. 

Atmospheric Physiciil/Norlhera Artona Universi- 
ty. Tenure-track assistant professor available Jan- 
uary JO. 1984 (or August, 1884) In an eleven-man 
Physics Department with a joint appointment m 
Computer Science. Teaching is at the undergradu- 
ate level with approximately one-half time derated 
io leaching courses stated to laboraio^^ptua- 
lions of computers ■ Kno«rfodg« rof a d l |(ri . 


Lockheed X ray imaging spectrometer in 
Jh® Stimulated Emission of Energetic Par- 
Ude » (SEEP) satellite payload. Superiro- 
P°*«! on the map of Antarctica is the spa- 
. ^tri button of auroral X ray luminos- 
u y 'hat is produced by kilovolt electron 
Palpitation. Conspicuous is the auroral 
intense luminosity near mid- ■ 

“'Shi and structured energetic precipita- ■ 

.P* 1 near dawn. The upper panel displays 
energy spectra of X rays observed in • 
center pixels of the image, while the 
/ Wer panel shows the simultaneous visible 
roral emissions measured by the SEEP; 
f. oto j netcr - The X ray image is th£ sub- 
? a P er lo be presented at the 1983 
SPi?n v Meeting H. D.; Voss et aL,- • .* 
tax n y ,ma gery of the earth's aurorR 
^.November 8, 1983, p. 792). (Photo .) ; 
Sff.pt H- D, Voss, Lockheed Missiles ' 
943(& f Ce Com R an y* P^o'AUo,' CA 


Will IX UCVOLCU iu icauuuK , 7 * 

Areas of research interest cduld include radiative 
transfer, me so scale dynamics, orographic 
or meterological/cnvironmental insmimeniaiion in- 
cluding remote sensing. Send a compleie resume, 
statement of research interest and professional goals 
and names of three references to: pr. Kcnneih 
Odell, Chairperson, Department of Physics, Box 
0010, Northern Arizona University, Flagstaff. AZ 

^Applications received prior to November 30 will 
receive Tull consideration. Ph.D. required. Academic 

Opparmnity 

Employer. 

University or Iowa/Faculty Positions. The De- 
partment of Physics and Astronomy anticipates two 
openings for lenure-irack assistant professors or vis- 
iting faculty at any level In August 1984, In excep- 
tional cases a term or tenured appointment at me 
associate professor or professor ^ levd will he consid- 
ered. Preference for one position wUl be given to an 
experimentalist in Intermediaie or high energy 
physics. Current research interests In the depart- 
ment are radio and optical astronomy and the fol- 
lowing specialties in physics: atomic, condensed mat- 
ter. elementary particle, laser, nuclear, phs^i and 
space physics. Faculty duties Include undergraduate 
and graduate teaching, guidance of research stu- 
dents and personal research. Interested persons 
should submit a resume and a statement or research 
Interests and arrange for three lettcn of re cn mmni- 
dation to be sent to Search CommU e*. Deputy 1 
of Physics and Anronomy, The University of Iowa, 

lQ The University or Iowa is an equal opportunity/ 
affirmative action employer. 


must have demonstrated nbUlty » conuuci 

ApDilcanl must Kara Ph.D. Postdoctoral experience 
d T£ b ?ppolntee will be expected to leach couraM ' 


Boston Univcrsily/Fsculty Position. The Asiron- 
omy Dcparinicni ai Boston Uiiivenhy expetu in 
have a faculty position available beginning either 
January or September 1984, extending at tout 
through lhe I9H4/85 academic year. Applk.mls are 
sought wKb have teaching experience and who have 
a proven rcscarcli record as evidenced hy publica- 
tions and reconimciidaiiuns. Research pi ugraius in 
the department include ionospheric ami inaguvio- 
spltciic uliyski, galactic axiroiiiiiny. and cxlriijjnl.it- 
tic and nign energy nsirojihysics. Applicants with re- 
search programs m any of these areas will be tmi- 
sldered; however, preference will he given io lliiac 
with experimental or observational interests. 

Equal consideration will be given in individuals 
wishing to start in January or September 19X1. De- 
pending on the future availability or funds, this po- 
sition may lie enlivened to a permanent line leading 
to eventual tenure. 

Please send a curriculum vitae, names of three 
persons who can provide an evaluation of your 
leaching am) research and a brief siuirnicin of cur- 
rent research inicresis to: 

Kenneth Janes, Chairman 
Astronomy Depart iiic-iu 
Boston University 
725 Con i mun wealth Avenue 
Boston, MA VSllb 
M3 17) SF.3-2K57 

Boston Uniiersiiv is an Equal Op|mi lumiy/Allir- 
mauve Action Employer. 

University of California, San Dlegp/Asslitinl Re- 
search Chemist. The Institute oT Marine Re- 
sources at the Scrippa institution of Oceanography, 
University of California SarDicgo, anliapajes an 


opening for an ASSISTANT klseakih untivi- 
1ST (salary range: $22,900-528.800) in the f ood 
Chain Research Group. The primary responsibility 
of the position is to cany out fundamental research 
in marine organic chemistry in association with oth- 
er 1MR oceanographers. . 

Applicants must have (i) a Ph.D. m organic chem- 


isiry, marine chcrautry ut chemical oceanography 
and at least two years of post-tlncinral experience in 
marine chemistry; (ii> an ability to carry out inde- 
pendent research In the ocean as tlcinnnsi rated by 
an active piiblkatiun record in refereed journals; 
and (iii) experience in work at sea with modern 
sampling arid analytical methods. 

Sentl resume and names of three rcrerccs by 
March I. 1WB4, to: 

Dr. Fred N. S picas, Director 
Institute of Marine Resources, A-U28 
Serious Institution of Oceanography 
University nf California San thegu 
La Jolla, California 92093 
The University of" California San Diego is an 
equal opportunity/affirnutiivc action employer. 

Geophysicist, T«to nophysic lil/Gcorgis Tech. , 

The school of Geophysical Sciences ut Georgia 
Tech invites applications Tor a faculty appointment 
in Earth Sciences. Applicants must have an out- 
standing research potential demonstrated by several 
years of postdoctoral experience or a well-enaU 
fished research record, and experience in securing 
research funding. Although tin field of s|Ktialua- 
tion is excluded, preference will be given to candi- 
dates with a background in geophysics/ 
icctonophysica. 

The School of Geophysical Sciences has an ex- 
panding and active research program in many areas 
of Earth and Atmospheric Sciences. The School has 
25 full-time faculty members and over 50 graduate 
students. 

Applications including resumes, phone numbers, 
and ine names and addresses uf at least three refer- 
ences should be submitted lo Jenn-Claude 

. . L , - r- L.. .:,. Cnn.mn. 


tee, School of Geophysical Sciences, Georgia Insti- 
tute or Technology, Atlanta. GA 30332. 

The Georgia Institute of Technology is a unii of 
the university system of ihc State of Georgia. 

Georgia Tech is an affirmative action/equal op- 
portunity employer. 


RESEARCH FACULTY POSITION 

DEPARTMENT OF OCEANOGRAPHY 
NAVAL POSTGRADUATE SCHOOL 


An (adjunct) research faculty position In physlcal/dynamlca! oceanoflraphy tel InOTwdtato- 
ly available; It la expected to continue for several years. A PhD in physical oceanography, 
meteorology, geophysical fluid dynamics, applied mathematics, physka or^Mlng 
required. The position is dedicated to a program. 

wer an open domain, called OPTOMA (Ocean Prediction Though 1 

Ing, and Analysis). OPTOMA Is a Joint NPS/Harvard program, sponsored by ONR, 
has been In progress lor a year-and-a-haif. A series of ocean prediction experiments In 
the eddy Held o? lhe California Current System Is planned over the next 
sejen tide responsibilities ol the position Involve: (1) running simulations and predion ex- 
perlmentatffand evolving, thB Harvard atallsflcal-dynamioal (a quasl-geoalrophlc rrodel 
Interacting with a statistical objective analysis) model, (2) participating In seagoing, real- 
time ocean prediction experiments, often as a chief scientist, (3) conducting data analysis 
studies, antf(4) developing leadership In the physical 

nmnMUR u e ncs a stfono background In ocean dynamics and an active Involvement in 
numerical modeling are required. In summary, Ihfe is an Important aotentiflo opgrtunljf for 
someone Interested In combining synoptlo work at aea with theory and numerical model- 
ing. 

Assets of the Department Include a research vessel wilh ready aocess tp an exciting re- 
gl^of tee ocean, free aoceaa to an IBM 333 wWi exceHwl p^ M^^s. jrto 
nmvimih/ to ihe Fleet Numerical Oceanography Center and tee Naval Environmental Pre* 
dStt «» Naval Ocearwgraphta Mica. 

Naw labs and NOAA activHlaa, as well as other academic lnetituttow. Altogether, there 
are wlrl'o^ractidni physical oceanographers and meteorologists in the Monterey area. 
Finally, tee Monterey area has spectacular climate and scenery. 

We will welcome applications on a continuing basis. However, the Initial dosing date will 
be 0 December 1983, Send a- curriculum vitae; statement ol professional interests, and 
Mplim numbers ol si least three referernos to: 

Professor Christopher N. K. Mooera . _ . 

Chairman, Oceanography Department, Code 08Mr 
Naval Postgraduate School Monterey, CA 93&4ff 
Telephone: (408) 646-2873 

The Naval Postgraduate School Is an Affirmative Acflon/Equa! Opportunity. Employsr, 


rv- $27,000-35, DM, negoUnhie. . 
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Physical Oceanograpber/Oregon Slate Unlverrity. 

AuisunL or Associate Professor, depending on 
experience. Applicants may be observaiionalnu or 
tlieorenaaru but must haw: a Ph.D. in the physical 
sciences, have demonstrated the ability to conduct 

■nripivnHnni l .la ..... i 


Staff Sciends ta/Syilcni s A nalyau. Research and 
Data Systems, Inc. has openings available fur Staff 
Scientists, Systems Analysts and Progranimcr/Ana- 


HcMaster Unlverilty/Asslslant Frufcssor. Appli- 
nailnni are invited for an annuinlinciil at the assist- 


: J 1 nuaiijr iv LUilUUU 

independent high- qua lily research and are expected 
to obtain research funding. Duties Include leaching 
and supervision of graduate students, interested 
candidates should submit a resume and names of 
three references by 1 February 1084 to: G. Ross 
Heath , Dean, College of Oceanography, Oregon 
State University, Corvallis. OR 97331. 

05 U Is an Affirmative Action/Equal Opportunity 
employcr.coniplylnii with Section 504 olihe Reha- 
bilitation Act of 1973. 


Assistant Profeisor/Yale University. Tenure- 
track position which will contribute to a group of 
natural and social scientists with interests in me 
analysis or public and private natural resource poli- 
cy. The successful candidate will have a Ph.D. with a 
strong emphasis on management science as well as 
education or experience in forestry, water re- 
tourers, or a closely related field in natural re- 
sources. 

. To apply, candidates should send transcripts, cur- 
riculum vitae, a letter of application explaining in- 
terest and skills, and should arrange to have three 
letters of recommendation tent by January 15, 1984 
to Clark S. Binkley, Search Committee Chair, 
School of Forestry & Environmental Studies, Yale 
University, 205 Prospect Street, New Haven, CT 
0851 1. 

Yale University Is and equal opportunity/adi rotative 
action employer, 


aticnusis, avsicuis nndiyin aim rrugia 

lysu to work in areas involved in the processing and 
application of data from satellite based remote sens- 
ing systems. Particular needs involve the analvsis 
and processing uf Earth Radiation Budget, Micro- 
wave, AVHRJt and LANDSAT data. Needs also ex- 
ist in the areas or interactive image graphics, soft- 
ware engineering, realtime processing and satellite 
data communications Successful candidates will 
have an advanced degree ill meteorology, physics, 
engineering, mathematics, or computer sciences. 
Hardware background should include IBM, DEC. 
CYBER or HP-1000 equipment. Send resume in 
confidence to: 


cations are invited for an appointment hi the a< 
ant professor level initially lur two years. Hh.D. 
... ... Iu> rn.inUnl nr nrar n im I lit tiul I . Ui’Si'jn 


photo interpretation and other aspects ni retinue 
sensing and mapping. Salary acini ding to scale. Ap- 
ply with full curriculum viiae ami the names uf 
three referees to Dr. M l. Webber, Department of 
Geography. McMaster University, Hamilton, ( Inter- 


Geography, McMaster University, Hamilton, (J 
io, Canada, L8S 4KI before February 15, 1984 
In accordance with Canadian Immigration n 
quiremenls priority wili he given to Canadian c 
zens and permanent residents of Canada. 


Research and Date Systems. Inc. 
1Q300 Grecnbell Road, Suite 246 


Igneous/Metamorphic Pelrologist or Structural Gc- 
oIogiil/Hobart and William Smith Colleges. 1 lie 
Department or Geoscience uf these private, cutitili- 
nate, liberal arts colleges seeks applicants lor a lull- 
lime, tenure-track position lor .Sepiemlier, Hlrt-I. We 
need a field-oriented, igneous or iitriamorphk jk- 


Lanham, Maryland 20706 
Telephone: (301) 390-6100 



Duke Uulwraltyfrenure-Traek Position. The De- need * fieW-oricnied, igneous .it ntrunuirphk pc- 
partment of Geology is seeking applicants for a ten- trologlii or structural geologist , a [icrsun cuiiiiuiiteil 
u re-track position in the general field of Paieomdo- 1° excellence in teaching and m itiniubiKHi ul un- 
gy/Sedlmentary Geology. Rank for the position is at dcrgradiiate research. Ph.D. required oral ii-acliing 
the Assistant iWessor level and the PhD is re- experience desirable. T caching includes nurodur- 

jisiImsI TTrirlovifnifliiiiiB tnru rmirtpi. minprfl nnv. nprrillihrv :nlfl «l rucliirs* 


S d. Undergraduate teaching reiponsihilidei in- 
Hiiioricaf Geology and fnvettebrate Falcon- 

Hlkrni Thu -innmnlan ..nil La .uw^IaJ m Ja.uvL. 


THE AUSTRALIAN NATIONAL UNIVERSITY. 

Invites applications from suitably qualified per- 
sons lor appointment to three tenurablc/tcnured 
positions and four non-tenure positions In the Re- 
search School cif Earth Sciences: 

Senior Fellow/Profexsloiul Fellow in Environ- 
mental Geochemistry. A versatile scientist with 
wide- ranging interest in the Earth Sciences is sought 
to lead research In Environmental Geochemistry. 
Current work in the School is centered on the 
palacodimntotagy of the southern hemisphere, us- 
ing the isotopic record in Australian lake and near- 


gram, and to direct graduate students at both the 
MS and PhD levels. An opportunity exists to offer 
courses and conduct research at the Duke Marine 
Laboratory. The position is to be filled by Septem- 
ber, 1984 with a closing date of December 31, 1983 


for the acceptance of applications. 

Interested applicants should send a resume and 
the names and addresses of three references to 
Chairman, Department of Geology, Duke Universi- 
ty, Box 6729 College Station, Durham, North Caro- 
lina 27708. 

Duke University is an equal opportunity/affirma- 
Uve action employer. 


tory courses, mineralogy, pci mingy and siniciurc 
plus participation in the Colleges general ciinkii- 
tum. Research encouraged anil supporter!. Submit 
Vitae and three letters of rcc< mime tidal inn in: Don- 
ald L. Woodrow, Department nf Gcosclciue, Hulun 
and William Smith Colleges, Geneva, NY 1-1-156. 
Applications from women and members nf ininnriiv 
groups encouraged. 

Hobart and william Smith Colleges tire ci]ti:il np- 
portuniiy/affirmativc action employers. 


Announce 
it in Eos 


Chair/Northern Illinois Univerally/Chalr.'Y'A indi- 
cations arc invited for the position uf Chnir nf the 
Department of Geology. We seek candidates who 
have an established commitment to research ami 


shore sediments. For an exceptionally well qualified 
cindidate appointment at die level of Professor will 
be considered. 


Hydrogeologist/Unlveraify of Illinois at Urbans- 
P“* m P , |S n ' ”^ ie Department of Geology has re- 
ins tituledils search for a hydrogeo login to fill a 


Senior FelloWProfeaskmal Fellow in Seismolo- 
gy. The appointment is for a icismofogial with a 
strong theoretical background who can complement 
and lead the experimental programs already under 

wav. Fnr an A^riinfinnillu wall «.. n i;c N | M .JLl... 


tray. For an exceptionally well qualified candidate 
appointment at the level of professor will be consul - 


— — ■■ ui iiu o 

permanent, tenure-track faculty position. The ap- 
pointment will be at the Assistant Professor level. 
Salary is negotiable. A Ph.D. is required. Starting 
date will be August 21. 1984. The successful candi- 
date will have a demonstrated background in one or 
more of the following areas of hydrogeology: basin 
analysts, flow in porous media, or chemtcallnierae- 


who are interested in the challenge of leading a 
young and growing department which bus just re- 
cently established a Ph.D. program. The depart- 
ment is committed to the further development uf a 
strong Ph.D. program and is looking for candidates 
who would share that commitment. Wc seek the 
strangest possible candidates without regard la spe- 
cially; however, candidates from the areas nf hydro- 
geology, hydrogeochcmUtry or geophysics arc par- 
ticularly encouraged to apply. 


♦ Positions Available 

♦ Special Meetings 

♦ Services 

♦ Student Opportunities 

♦ Supplies 


FcHow/SeoIar Fellow In Geophysical Fluid 
Dynamics. A theoretical Buitf dyiuunidst is 


sought, with wide experience of applications in 
oceanographic or other geophysical contexts, and a 
demonstrated ability to interact effectively with labo- 
ratory experimenters. The post wili complement the 


... in IIIIGiMi- 

lions between groundwater and rack and will be ex- 
pected to teach one or more graduate courses in hy- 
drogeolcigv, to participate in our undergraduate in- 
structional program, and to maintain aim enhance 


Rank and salary for the position are negotiable. 
Send resume and statement of interest to Dr. M.P. 
Weiss, Chair, Search Committee, Dcpailmcni ul Ge- 
ology. Northern Illinois University. DcKuili, If. 


Read every week by i6,ooo AGU 
members worldwide, Eos mcelj 
your advertising needs. 

For advertising rates and copy 
deadlines, please call: Robin E. 
Little, 8oo 424-2488. 


7 ■ » O » """ mw «nitaiac 

our existing strong research program in hydrogeol- 
ogy- For equal consideration, application including 
the names of three referees should be sent by Feb- 
ruary I, 1984 to: 


Northern Illinois University is an affirmative ac- 
Uan/equaJ opportunity employer. 


• I . " "I,. «U|l|Ut(,ll|t||| Ul 

Profcslfor’KT enUl pmgra,n of ^ ^“P led 


Postdoctoral Fell ow/Rescarch Fellow/Senlor Re- 
search F el low in Seismology. The School has an 
active research program in determining the seismic 
velocity und Q structure of (he mantle knd in study- 
ing the critiud Ktuclure and tectonics of the Aus- 
tralasian region. Applicants arc sought who will 
complement these and related programs in the 
Earth Phyjia Research Group. 

Postdoctoral FeUow/Hescareh Fellow In Earth 
Physics, Candidates should be geophyikuts inter- 
ested in the structure and dynamics of the interior 
or the Earth, in lateral heterogeneities in the man- 
tle, or in tectomc problems such as sedimentary ba- 
sin evolution or uplift mechanism. The successful 
applicant wiU work within a group that includes 
Professor K. Lam beck and Dr*. G. Davies and G. 
Houseman. 

Research Fellow In Geochronology and Isotope 

GeMhemlatry. An isotope geologui/gcochemlai is 
sought to study the umeiiMn, tmercorrelauon and 
ootope signatures of Archaean metavolcanks in 
Australia. 


Professor R. James Kirkpatrick 
Department of Geology 
245 Natural History Buirdins 


Oceanographic Microblologlst/Oregon State Uni- 
versity. _ The College of OceaiKijjrjpliy at Oi cuuii 
S tate University has an assistant nnifncvirilini m,cL 


245 Natural History Bunding 
*301 West Green Street 
Urbana, IL 61801 
Ph. (217) 333-3542 


T !l? Ul J i ™ rail ) F of Illinois is an Affirmative Ac- 
(ton/Equal Opportunity Employer. 


Research Fellow In Petrochemistry. An experi- 
mental petrofogut » sought to participate in re- 
searcb projects dealing with the constitution and 
fJJLK” 11 °1^ ( ^ “Mile and core. There It 
f.^’ij^l ul PP ct L lab Pr a ' or y with a Wide range or sol- 
d pressure jneSia, high pressure-temperature B ppa- 

SS at’ MM r 8 0 a ™WU-anvil ayatem lor ISO 
tan at 30W C, and associated analytical equipment 

one - ■>” ° r 1 "*■ ask 

fell Ija-: Sciuor Fellow 

Fellow $27272 $36537 p.a.: 
Senior Research Fellow $32679438980 
search Fellow $23394430734 pZ; MSo£T Fe |- 
U* fixcd point) $20164423100 pa. 

- iSSfl f? aB|e nU> ' * A1 " 5US ° 91 ” UK60P 

r„ Ap £P}* 1,,n ? al “ POs'doanra] Fellow is nonnally 
™ *an.one year no more than two yeara 

n fn^ rW C ^ SCS n be “tended to ihreeyears. 
Rorarch Fellow/Senior Research Fellow appoint 

wHcthifi^ r? rn “Hy/ or up to three years with the 


MetcarologisdThe City College of The City Unl- 
verallv or New York. The Department of Kan li 
and Planetary Sciences invites applications for an 
anticipated opening in meteorology. The appoint, 
mem will start September. I98 |. Annlicanis sliuukl 
liavc eoiitpieied the Ph.D. In Lfie time ul appuim- 
ment and have a strong background in synoptic me- 
coTOtagy and computer appfibnioni. In addition, 
□ic individual should have an interest in atmospher- 
ic chemistry or pollution as applied to urban areas, 
or physical oceanography. The person hired will be 
required to teach courses in meteorology, and possi 
Uy physical oceanography as well as develop arid 
maintain an active mran-li mvmto*.. u .-I ■ 


State University has an assuiant prufcssorsliip pmi- 
uon open for an oceanograpliic microbiologist. 1 lie 
appointee wdl be expected to develop a urogram of 

S ant-funded research in die area of marine iiiicm- 
otogy. Opportunities will he available fiir ludchinu 
ot classes und seminars in marine iiiicnihinlngy aiid 
biological oceanograpliy and lor suiirrviwin of 
graduate smdcnis. Candidates shuiild Imld « |q,.|). 
in U10 logical occanugni]iliy, inicrohioliwy. nr related 
discipline, and have posnlotior.il rcseaicl) exiwti- 
SSL c *^«‘f ,ca J l y wI, l" marine microbes. Sabtiy: 
$27,000-$35 I 000 1 ncguiialile. Siiliiuii lesuine ami 
names of three references Ijelme 1 5 January I UK ] 
to: Dr. G. Ross Heath, Dean, College of Occiinnura- 
^7331 rCR ° n SlH,C U,,ivci ' sil >' 1 t:,, rvallis. Oregon 
Afiirmauvc Aclion/Kqnal ()|>|M)rliiiiity employer. 


University of California, RlvenldtfGwIoiy (vMi 
emphasis on petrology). Assiitant Prufeisor oc» 
titg tngi lining | July 11184. The appointment is lad- 
der r.Hull> poMlUHi. A]iiwint« would teach a! both 
uiuln grail 1 idle ,m<i graduate lewis (M.S. and Ph D) 
and diuiilti la- able tw teach several of Petrolon. 
Mi hit a limy, (k'lahemisiry, Crysulhigraphy, fHd 
l .eulugv. Fhvskal tlculog). Ph.D. required. Inaddi- 
iion to teat lung, research and service are requurd 
ol ! aiuliv ini-uiliers at ilir Univentty of Calilomk 
Ajinlii tints si 11 mill submit a current curriculum rioc 
with names .mil .iildresscs nf three people who base 
agreed to piuriik- ii-lcreiKCS. Appkaiions recei«d 
l*v 1-VI iiii.tr v I. I9H-1, will rctcise preference. Appli- 
(.uituis mar >11- ;iici-|iteii umif successful randidate is 
■ippiiiiuril. .Semi applittiiiuni to Dr. Lnris H, Co- 
hen. Si-.ui h Cniiiiuitiec Clum iv^nnw.nuif Earth 
Si iriurs. I J iiivci airy nf (Jniilon'ut, ki , *nidR Ct&- 
lornia, 92521. 

I In- llnivei sity of ( ^lifiirnri is sn Fwnl rippinu- 
■itlv/AfliriK.id*- '■•■•.ui. t.iujiloytr- 


Faculty Posltion/Maiaachusctta Institute of Tech- 

M™, TllC s DcparlmC r nl . or 5 »«lb ( Atmospheric, 
?" d ^ncutry Sciences of the Mussaclitiscils Insii- 
lute of Technology Is seeking 10 ;i]ipuini a physier 


wll be commensurate with experience. Send resu- l J ul »lw dqjartmeni is |Mrtlcu]aily in- 

d n"? feUC K of rcfere "« bv No- “ P rQ K | ralll , s ^ llwmind 

zir - siKMsassisBi'dAr 

Y blfK JSJf 8 ® ° f ,hc ^ University of New tcnier for Mctconilugy and I'hyslcttl 

^ °PP° rtl,ni, y affirmalivc action cm- 

ptoycr- . r i™ e , iubmn naume, imhliiaiinu list, sintcmi-ui 




nr tniTw,.,; — V "" l ,,1,,,, eaiiim list, aintciTi 
ot tnlcrciis, and names ol Hires: references to: 

W.F. Brace, Chairman 
Dcp1 ' ? nf‘ arl h ’ Atmusplturic, 


plied geophysics arc of primary interest all hi High' * 

* in * »«e 


anil Planetary .Sciences 
54-9111 


„ MIT 

urr 1. Cambridge, M A 02 1 39 

empl^er 3 " afflrn,ntivc Khon/cqunl opimriunily 


iwiiaiiuieiu hi tit-wnr aw- — r,». ,,,i,uri 
plicntitius for 11 tetiute-irack position ai^eu 
irofcssnr level in sirjiigraphy/.iitfropj^Mlo^ 
Reseat cli and s.i| W nision of grathiae ttytajj* 
cent rating in iIhmc fields will he 
al resean.lt interests In 
Irnlciiiii urology arc desirable. The w««h 
dau- will Ik- cx]K;cictl to leach a 
In stratigraphy every year, a one-jcmntretww^ 
hit rod ik lory iKCaiiugnt]iliy i evcn' _ 
develop iiddilltniul courses in hls/lrer area ^P^ 
tise. Applkaliuu ittrlutUng # raimt. ai^w^, 
teaching anil rwctucb 

ittitlrtwn ol in least three r dgc wdff Q,ado w - 

no biter tlitii 1 Felirtmry 15. 18J4 ® 1 rfft* 

rttral. t,0 ‘! IJVj.'r u'Jiiuatt 

ogy anil Genar.ildiv. University of 
Aniliet.il. MA 111(1113 1. »n Affinnath* 

The lliilvcrsiiy of M«admsttOHb *n Atnnnw 
Actkm/Kcpml < >|»|«rluniiy tinploycr- 


offive years with the pouihiKiy, following review, of 

^SiTT 1 ^ r r [ ^ uig - a8e ' Appointment as Pro- 
fessorial Felfow/Professor is to retiring see 4651 with 


^ nl r ersJl r °r Hawaii, are 


faib-rial hMntefb^ 1 aiSJSSffi 
the option or redremcm after the age 0153. ‘ 

u Wid - cd UHrards iravd and removal; 
assistance with housing; superannuation. The Uni- 
vcraity reserves (he right not to make an appoint- 
ment or to make an anpointment by Invilaifon at 
HP*; Appllcama should write (o The Registrar, 
The^ Australian National University, G.P.oTBox 4 


scripts. andThrec7«tera F ni P ^ , 'm' T"™' lnn ' SSpStSlto' S narinC * C ^" lisL for ■tenure 
art L. Dean Chairman „fc u?? c,,di, ! lon lo: Stu - KEl KSf' H! *1 'ff A«ia‘anl or Associate Profossor 
partment nf Hwilnm. 1 1»;., . r- liltce, Dc- jfliSt ‘ n . l f r “ l in sea water-mineral interactions/ 


at 1 i«i luruicr uarucULan, 

stating the pan nr posts in whkh interested, before 
108?' " g apfl lta,,0m w,lich dosc 0" 31 January 


ge«aawsa#iS*E»- finausSESSf 1 

Technology/P rincinal £i«. as WS ^ W.SEMS^cSTlT 

Bsaat-i Sssar ***-+ * 


Earth, Atmospheric and ji ™>7 ntk L Hlo 
Mitssiicliiisciis I nsiJtutc of reemw J 
several openings next M for 
assistant iirofessor level. . Pre (“f^ n k^ dyrno® 
applicants wilH Interests In: !)*2S2SS£te 
and climamlogy; 2) laraMcalcauriQ^ ^ 
ing and simulation; and 3) 
will make use pr the Departmeni^^^o. 
cility. (The radar 


cutty. 1 1 tie rauar lauiuy ^rr- - ^uve* 
pabilhy and is specially judged 0 

soscnlc observations.) re 

the bnsls of accomplishments ana p™ --jas 


the bnsls of uccompluhmrnu anc 
search teaching, anti ability to su 
student rewnren. Interested cant 


udent resejiren. Interested Brace si®® 1 

1 soon ns possible to Professor W-- |gg4 
nal decision will be made in late p. 


To Do Today 


Call AGU 
at 800-424-2488 

• Order books/joumals 

• Request membership 
applications 

• Register for meeting 
■ Place advertisement 

in Eos 

• Change address ^ 


di ^ ■ F~ a ,pKmmelry - 

mmwBm 


name. rerc^^ DUCa,,on ^ and 

William F. Brace 
c/6 Anne Starr 
Personnel Office, EIB-238 

w . T , Cambridge, MA 021 39 


'fehtlf 1 Fellowship, 

al «tStelUd!rt?. ,n -A e U °? pic BeochemISry 


Room 54-810 

Massachusetts InsllLUie orT ■ 

Cambridge, MA &■ 

Appllcanu should submit a 
me, a list of publications. ■ l *fi??! «aies oriW*J rf 
future research irileresu, and AeM^^tld 
references who can future 'fi*' 

the candidate’s accompltBhTfi« nU 

h 4I.I.T. is an affiripaUve-aciloij, «i ual °P • 
employer. . ... 

1 . 

Postdoctoral Research 

forois, Berkeley. Aveg^SStS^dL 


■? ^^ViS ri Thls 


fornia, Berkeley. 

merit has rccenUv Instiled 1 & 


mcnl has 

nee ring Laboratory a puc 


nee ring Laboratory a puwr 

facility, having. a large magr^ffl^i q*iJerjj5L 

candidate must be knpwlwgw* w 



and tbc phyScai 
sdlirces of other unJvtf»«y ■ «!»' be avS f" r 
Lawrence Berkeley ijboratprywUi „ -jr. 


im m 


. 1 Send resume and the na^ 

: to Professor W.«.; 

chanlral Engtitee^g; unlvtr^or.^,-, 

Berkeley GA 047SW; o -' ^ 

The University U. an ^qu^ p | ; ; , . 

t^Acdort Fmployer.;;. ' - 



. .-1 University of Newfoundland/Tenurc- 

The Department of Eaith Sci- 
ltaC * Manorial University of Newfoundland, with 
•SfflFiw* a new Centre for Earth Rc- 
"'^Research, is expanding into areas related In 
{Kail offshore geology, petroleum exploration 
j£v*Tnomenl. 1 enure-track positions at the As- 
SlSSSte Professor level are available. Aopli- 
^Sed from specialists in: CLAY MlK- 
EfflcY STABLE ISStOPE GEOCHEMISTRY 
^miSTAL SEISMOLOGY. A Ph.D. in earth 
or related field is required, together with 


ipwunrocnsurate with qunlificaUons and expen- 
fT7u posiUons are subject to avaihtbilily of 
S In accordance with Canadian 1 Immigration 
Sreients, this advertisement is dircci«l to La- 
Xn dtuens and permanent residents. Send ap- 
with curriculum viiae, and names ol 
hSrererees to: Dr. C. R. Barnes, Head, DcparL- 
Srf Earth Sciences, Memorial University of 
Wound land, St. John’s, Newfoundland. Canada 
llBSX5i telephone (709) 737-8142. 


T “r^ n fcM , DnJvcrsity/Deputy Department Head. 

The Department of Oceanojmiihy in the College 
of Geosciences at Texas A&M University is seeling 
a deputy dcpartnicm head 10 assist In the academic 
ami adiranutrative [unctions in the Department. 
Unites will involve 75 percent administration anil °5 
percent research or (caching on a 12-month an- 
poimmcn 1 basis. This is a tenure track position and 
wjl] be filled at an academic level commensuraic 
with the experience of the applicant. Applicant 
must have 'demonstrated administrative ability an 
established record in research and an interest In 


nineraWpcirology (this is a position that has 
beta reopened). The successful applicant will be cx- 
HCtHi to interact with other members of the faculty 
foihe fields of mineralogy, petrology, geochemistry. 

^ cquii^en 1 is required. The successful 
anoKam will be expected to leach graduate and un- 
*rmduate courses, conduct research, and super- 
vise mduatc students. Rank and salary will he com- 
moiwraie with experience and rcsearcli record. 
Bose send applications to: 

Dr. David H. Elliot 
Chairman, Search Committee 
Department of Geology and Mineralogy 
The Ohio State University 
Columbus. OH 43210 

Applications should include resume, statement or 
research record and interests, and the names of at 
lull three persons who can provide rccommenrla- 
ooa The closing date for applications is December 
Si. 1985; the appointment will be effective no later 
thin October 1, 1984. Additional information can 
Ic obtained by writing or calling (til 4) 422-6531. 

The Ohio Slate University is an equal opportuni- 
qhffinnatlve action employer. 


irecemoer tyaa. tit ccilve dale of this appointment 
will be I January 1984. 

TAM U is an equal opportuniiy/affir 111 aiivc action 
employer. 

National Center for Atmospheric Research/VIsllor 
Applicanla. At the High Altitude Observatory. 
v »“ r Awmnilinemi are availaltlc for new and cs- 
taliiiilied ni.p.’s for up in one year periods in carry 
nm research in solar physics, sular-icr rest rial phy*. 
tes, and related subjects. Applicants should pn.vide 
a curriculum vitae including education, work expe- 
r “ , ? ce> RublicatHins, the names of three scientism fa- 
miliar with their work, and a statement of their re- 
search plans. Applications must lw received by Inn- 
uary 15, 198*1, and thev should be sent 10; HAO 
Visitor Committee, High Altitude Observatory, Na- 
tional Center for Atmospheric Research, l\l). Ron 
3000, Boulder. Colorado 80307. 

NCAK is an Equal Opporliinily/Affiriiiaiivc Ac- 
tion hmpluyer, 

Princeton Unlveraily/Fkculty Appoinlmeni. The 
Dc|anmcni uf Civil Engineering at Princeton Uni- 
versity invites applications for j faculty appointment 
in the Water Resources Program beginning Septem- 
ber 1984. Responsibilities include graduate anil 
undergradute Leaching in fluid mcdianics, surface 
water hydraulics, and numerical methods, and dc- 
vclupmctiL of and participation in a research pro- 
gram related to surface and subsurface hydraulic 
and hydrologic systems. Candidates must have a 
Ph.D. degree with demonstrated teaching ability 
and scholarship. Submit resume and three refer- 
ences to George F. Pindcr, Chairman. Department 
of Civil Engineering, Prince tun University. Prince- 
ton, NJ 08544. 

Princeton University is an affirmative acuoti/cqiial 
opportunity employer. 


University or Texas at Anstin/Gelty Chair. 'I Tic 
Department of Geological .Sciences seeks a person at 
the rank oF foil professor to occupy the recently en- 
dowed .Getty Chair effective Septcmher I, 1984. 
Teaching obligations inrludc one undergraduate nr 
graduate course each semester and the supervision 
of graduate sLudcms In the areas or the person's in- 
terest. A willingness to leach courses for iinii-m-ijora 
on occasion is desirable. The person's fic-lil nf re- 
search must be one that is related in a broad sense 
to the exploration for hydrocarbons. The Geliy en- 
dowment will provide the chair holder wit it modest 
funds for support of travel and research activities. 
Applicants should submit a detailed resume, names 
and addresses offive references, and a statement of 
leaching and research interests by February I, 1984 
to: Dr. Earle F. McBride, Chairman, Department of 
Geological Sciences, P.O, Box 7909, Austin, Texas 
78712-7909. 

The University of Texas at Austin is an Equal 
Opporiunity/Alnrmaiivc Action Employer. 

Northern Illinois Unlvertity/Geophyaiclst. The 
Department of Geology sects lu fill a tenure-track 
position in geophysics beginning August 15, 1984. 
Candidates with experience in applied seismology 


position in geophysics beginning August 15, 1984. 
Candidates with experience in applied seismology 
are particularly encouraged to apply. Appointment 
will be at the rank of Assistant Professor. Pnsl-doc- 
loral experience is considered important, anti the 
successful candidate will he expected to develop an 
aggressive research program, teach at both the 
graduate (Ph.D. and M.5.) and undergraduate lev- 
els, and interact with an active group of faculty and 
students in geophysics. Send resume, statement or 
research interests, and ihc names of three refer- 
ences to: Chair, Geophysics Search Committee, De- 

S innient of Geology, Northern Illinois University, 
eKalh, IL. 601 15. Application tlcailinc is February 
1. 1984. 

Northern Illinois University is an equal opporiu- 
nhy/afTirmaiive action employer. 

STUDENT OPPORTUNITIES 

University of Mi am (/Graduate Research 
AnUlxntshlpi in Physical Oceanography and Me- 
teorology. The Division uf Meteorology and Phys- 
ical Oceanography, School nf Marine anil Amin- 
spheric Science, University uf Miami, invites applica- 
tions from students in science or engineering with ;i 
strong background In physics and mathematics anti 
an interest in cither the atmospheres, the ocean or 
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■heir mutual interaction. Successful applicant may 
pursue cither a M.S. or PI1.D. involving work in a 
wide range of observations (/experimental or theo- 
retical research. Remuneration includes tuition 
I $5.280., lirst year) plus a yearly stipend of 39,360. 
for applicants entering lire M.S. program and 
$11,050. for students In ihc Ph D. program. Re- 
search Assistant ships begin I September, 1984, but 
summer research work may be available earlier In 
some accepted students. For details and/or applica- 
tion write: Dr. Friedrich Schott. Division of Meteo- 
rology and Physical Oceanograpliy, Rnscniliel 
Sc hcxi I of Marine ant! Atmospheric Science, Univer- 
sity or Miami, 4600* Rickcnbaiker Glivy. Miami, l : L. 
33149. 

Opportunities for Graduate Studies In Almoipher- 
■c Sclencea/CeorgU Institute of Technology^ 
Openings are available for outstanding individ- 
ual! seeking an M.S. or Ph.D. degree in graduate 
studies in atmospheric sciences. For successful appli- 
cants, these positions include 1/2-timc research 
aisismnishlpi with starting salaries ranging from 
$8,000 10 $12,500/12 months, depending on the de- 
gree being sought and the student's qualifications. 

All tuition andli 


All tuition andTees are also covered by the Institute. 
Complete applications wUh supporting documenta- 
tion should be received no later than March 15, 

1984. 

Interested students should write 10: 

Dr. Douglas D. Davis 
School of Geophysical Sciences 
Georgia Institute of Technology 

Atlanta, GA 30332. 

GRADUATE STUDENT 
NASA TRAINEESHIPS 
1 lie Florida State University is accepting applica- 
tions Tram pms|x-tlivc graduate- siiuk-uic lur partici- 
pation in its NASA sponsored Traineeship I'rugrain 
in Oceanographic Remote Sensing Techniques .mil 
Physics ul Air-Sea linerai linn 1 he stipend for ihc 
calendar year is SKMiflU. Stmlrnis may Ik- enrolled 
fur a degree in ciilu-r iiic-iinigiapliy' or iiicicor'ilu- 
gy. For (milier illicit iii.iiimi nr appiu.iliou, please 
write: 

lli. James |. OTIrii-ii 
NASA 1 miner ship Program 
McU-i lining! Aiirii-x 
T he Mm ida St, tie Uriivc-isiis 
Tallahassee, Florida H23IW.' 

1904) 6-14-458 1 



Announcements 

Oceans 84 

The Marine Technology Society and the 
Institute of Electronics and Electrical Engi- 
Men/Oceanic Engineering Society will hold 
the Orrjni M Conference and Exhibition in 
Washington, D. C., September] 1H-IJ, I 'M. 
fo ®ofo MmMnNag|]J]g “Industry. 
tStiernment, and Education — Designs f«i the 
fimire," and the deadline for submitting ab- 
uncts is February 6. 

The goals of the conference are to identify 
<1* needs to be met by advances in ocean 
itdmology and to examine related technical 
and public policy issues. Following a plenary 
*«sion dedicated to the conference theme, 
■here will be both workshop and paper pre- 
tentaiion sessions. Papers are encouraged to 
^tonify challenges and emphasize designs for 
tin future in such areas as ocean science and 
Mgmecring; law, policy, and economics; re- 
™e sensing; marine pollution; occano- 
jPjjphic ships; submersiblcs; diving; buoys; 
■"formation systems and technologies; acous- 
navigation; and other ocean-related 
l0 P^. An exhibit of marine products and 
lm ' ces is also planned as part of the confer- 
wee. 

For more information, or to submit an ab- 
*** (no more than 200 words long), contact 
™ e Oceans 84 Technical Program Commit- 
^1730 M Street, N.W., Suite 412, Wash- 
“■Hfon. DC 20036. 

Australian Geology 

The Geological Society of Australia will 
its Seventh Australian Geological Con- 
'Wikm in Sydney, Australia, August 26-31, 
Brief synopses of papers to be presenr- 
the convention should be submitted by 
^mber 1. Abstracts will be requested later. 

The theme for the convention is “Geosci- 
e " ce in the Development of Natural Re- 
and a wiae range of papers from 
"Wusiry, academia, and government are ex- 
to be presented. In addition to techni- 
■essions on non-metallic minerals, water, 
petroleum, coal and oil shale, and metallic 
“*P°tiis, there will be field excursions, work- 
““P*. and short courses. There will also be 
I^Qallst group symposia covering the follow- 
8 fields: economic geology; history of earth 
•pace; tectonics and structural geology; en- 
geology; paleontology; sedimenlol- 
®8yi tolld-earth geophysics; and geochemls- 
mi neraIogy, and petrology i There will be 
ai^u 611068 e> diihit of books, computers, 
other instruments relevapt to the earth 
on display during the convention. 

A p ° r “■ore Information contact Secretary 7 
JJJ *JO. Box 383, North Ryde, NSW, Aus- 
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New Orleans, Louisiana 
Jan. 23-27, 1934 


Ocean Sciences 
Meeting 

Session Summary, Travel, 
Housing, Registration 

The 1984 Ocean Sciences Meeting of ihe 
American Geophysical Union (AGU) will be 
held January 23-27, 1984, in New Orleans at 
the Fairmont Hotel. Cosponsoring societies 
are the American Society of Limnology and 
Oceanography (ASLO); the Acoustical Society 
of America (ASA); the American Meteoro- 
logical Society (AMS); the Marine Technolo- 
gy Society (MTS); and the Institute of Elecu-i- 
cal and Electronics Engineers Oceanic Engi- 
neering Society (OES). 

Some of the most compelling problems in 
modem science and technology span two or 
more traditional disciplines, and this is espe- 
cially true of oceanography, which is an amal- 
gamation of several sciences with technology. 
The 1984 Ocean Sciences Meeting is the sec- 
ond meeting to be established by AGU as a 
Forum for interdiscinlinary oceanic problems; 
it is an outgrowth of the success of the first, 
which was jointly sponsored by ASLO and 
AGU and held in San Antonio in 1982.. 

In addition to the ocean physics and biolo- 
gy topics covered In San Antonio, the 1984 
New Orleans meeting will include atmospher- 


so marine scientists from the various disci- 
plines can meet and talk. 

The 1984 Ocean Sciences Meeting is an op- 
portunity to advance the unity of ocean sci- 
ence and engineering in a stimulating and 
pleasant environment. We hope to sec you 
thcrel 

Registration 

Everyone who attends the meeting must 
register. Preregislraiion (received by January 
6 , 1984) saves you time and monry; the fee 
will be refunded to you if AGU receives writ- 
ten notice of cancelation by January 16. Reg- 
istration for 1 day only is available al one half 
of the applicable preregislraiion rates, either 
in advance or at the meeting. Registration 
rates are as follows: 

After 

Preregu- Jan. 6, 
(ration 1984 

Member SS5 |80 

Student member $32 ?47 

Retired senior member* $32 $47 

Nonmember $85 $100 

Student nonmember $39 $54 

♦Age 65 or over 

If you register as a nonmember for more 
than 1 day, the first-year dues for joining 
AGU will be waived if a completed applica- 
tion is received at AGU by March 30, 1984. 

To preregisier, fill out the registration form, 
and return it with your payment to the AGU 
Office by January 6. Your receipt will be in- 
cluded with your preregislraiion material at 
the meeting. Preregistrants should pick up 
their registration material at the preregistra- 


Umerican GEOPHYSICAL UNION 
800-424-2488 


lion desk ul the Fairmont Hotel. Complimen- 
tary badges for guests not attending scientific 
sessions will lie available at the registration 
desk. Hours are 8 A.M. to 4 P.M.. Monday 
through Friday. Oil Sunday, January 22, reg- 
istration hours are 5 P.M. to 7:30 I’.M. 

Hotel Accommodations 

The meeting will 1* at the elegant Fair- 
mont Hotel, whkh is m the edge of ilic Vietix 
Carr£ (French Quarter). In Lhc experience of 
the Program Committee it is one of the finesi 
facilities anywhere for supporting a technical 
meeting. 

A block of rooms is being held al ihc Fair- 
mont Hotel. Room rates are $6U single, $G0 
double. All reservations must be guaranteed 
by a first night's deposit or American Ex- 
press, Carte Blanche, or Diner’s Club card 
number. Read the housing application form 
and mail (he completed application directly 
to the Fairmont Hotel, Reservations, Univer- 
sity Place, New Orleans, LA 70140. MAIL 
EARLY to ensure confirmation. Deadline for 
reservations is December 23. Please do not 
write or call AGU for room reservations. 

Special Events 

An Ice Breaker on Monday evening from 
5:30 to 7 P.M. at the Fairmont is the opening 
social event of the meeting. 

On bodt Tuesday and Thursday evenings a 
social hour from 6:30 to 8 P.M. has been ten- 
tatively scheduled so participants may gather 
to make plans for evening activities. 

There will be a Wednesday luncheon in the 
Imperial Ballroom from noon to 2 P.M. The 
luncheon speaker will be announced in a lat- 
er issue of Eos, Tickets are $12. Purchase 

Meetings front, or p. 958 ) 


ic sciences, chemical and geological oceanog- 
raphy, underwater acousucs, and ocean tedi- 

Most of the special sessions being planned 
have a strong (but not exclusive) component 
of physical oceanography; the Warm Gore 
Rings experiment and investigations of the El 
Nifto phenomenon and biogeo chemical cycles 
aU illustrate the extension of physics intospv- 
eral other disciplines; and sessions are oirered 
in each. A more extensive but sUll Incomplete 
. list of sessions and some of their chairmen Is : 
found below. Other subject areas may be , 
added between now and the time orine 
meeting with the hope that the jevudjon- 
dred participants expected will find mpeh to 

suit their interests. , . ■ ni ki h,.,,! 

Several simultaneous sessions wiU be ; 
including a poster session, wilh.ainple prW*-. 

I siofr for refreshments in jhe ; mp^mgM^ 

• evehing.> active sodal program fa panned 


O ° 

Need to order Groundwater Hydraulics (1983), 
k edited by J. S. Rosenshein and G. D. Bennett. Latest Q 
edition in the Water Resources Monograph Series. 

q The 17 papers In this state-of-the-art monograph q 
cover a broad range of hydrologic problems that are of 
immediate Interest to the theoretician, academician, 

° and applied hydrologist. The principal subject areas 0 
examined are aquifer hydraulics, ; heat and moisture 
O transport, and modeling. !- O 

List price is $18 — 30% discount to all AGU members. 

O Orders under $50 must be prep aid; Call 8 00j424-2488; o 
or jn DC ar®4 20^-462-69Q3. BB accepted . 
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your ticket early; there will be only a limited 
supply at the meeting. 

Scientific Sessions 

The preliminary program along with the 
abstracts will be published in the December 
27 issue of Eos. The final program, with pre- 
sentation times, will be distributed at the 
meeting. All scientific sessions will be held at 
the Fairmont Hotel. 

Exhibits 

Exhibits of equipment, programs, books, 
and organizations are planned to run daily 
from T uesday, January 24, to Thursday. 
January 26. 9 A.M. to 4 P.M. 

Session Summary 

Submarine Vent Systems, Mon AM 
Poly mode, M 011 AM 
Microaggregates, Mon AM 
Mississippi River, Mon AM 
Acoustic Remote Sensing, Mon AM 
Nutrients Patterns. Mon AM 

Amazon Shelf Dynamics, Mon PM 
Boundary Currents, Mon PM 


Plankton Spatial Patient, Mon PM 
Trace Metal Interactions, Man PM 
Acoustic Imaging, Mon PM 
Basin Physical Oceanography, Mon PM 

Marine Geochemistry, Tues AM 
Zooplankton Behavior I, Tues AM 
El Nifio I, Tues AM 
Optics and Biology. Tues AM 
Arctic /, Tues AM 
Short-Term Variability, Tues AM 

Benthic Boundary Layer, Tues PM 
Zooplankton Behavior II, Tues PM 
El Nifio II, Tues PM 
Chlorophyll, Tues PM 
Arctic II, Tues PM 
Phytoplankton Biology I, Tues PM 

Submarine Canyons I, Wed AM 
SAR Surface Signatures, Wed AM 
Plankton Productivity I, Wed AM 
Gulf Mexico/Caribbean I, Wed AM 
Macrophytes and Corals, Wed AM 
Upper Ocean Dynamics, Wed AM 

Submarine Canyons II, Wed PM 
Surface Waves, Wed PM 
Plankton Productivity II, Wed PM 
Gulf Mexico/Caribbean II, Wed PM 


^ American Geophysical Union gB 

OCEAN SCIENCES MEETING 

January 23-27, 1984 

Housing Reservation Form 

Please note: Reservation musl be received by December 23 to ensure space 
rva, ' on * be guaranteed by enclosing payment for first night's 
« °L by 'Eluding American Express, Carte Blanche, or Diner's Club 
card number. Cancelations musl be received by the hotel before 6 P.M of the 
arnval dale or ihe room will be billed for one night and Ihe reservation 
canceled. Ail rooms are subject to city room tax. 


Please Check Type of Accommodations 

□ Single $60 

□ Double $60 


Arrival Date 

Departure Dale . 
Names 


Mail Form Directly to: 
Fairmont Hotel 
Reservations Depi. 
University Place 
New Orleans, LA 70140 


I Address 

| Q,y State/Prov 7ip 

1 Country. 

I Telephone 

^ ^ ^ ploase P rin! or type- L| sl names of both persons if double room. 


Wetlands, Wed PM 

Large Scale Obs. & Heat Transp., Wed PM 

Ocean Instrumentation I, Thurs AM 
Feeding Ecology, Thurs AM 
Warm Core Rings I, Thurs AM 
Nitrogen Cycles, Thurs AM 
Venezuela Basin I, Thurs AM 
OPUS. Thurs AM 

Ocean Instrumentation II, Thurs PM 
Year Class Fluctuations, Thurs PM 
Warm Core Rings II, Thurs PM 
Cyanobacteria, Thurs PM 
Venezuela Basin II, Thurs PM 


Contaminants: Great Lakes I , Thurs PM 

Ocean Tracers, Fri AM 
Southern Oceans I, Fri AM 
Phytoplankton Responses I, Fri AM 
Shelf Dynamics I, Fri AM 
Forains, Rails ami Bacteria, Fri AM 
Contaminants: Great Lakes II, Fri AM 

Radioactive Disposal, Fri PM 
Southern Oceans II, Fri PM 
Phytoplankton Responses II. Fri PM 
Shelf Dynamics II, Fri PM 
Bioluininescence & Zooplankton, Fri PM 
Marine Pollutants, Fri PM M 



Oceat) £ 
Sciences 
Meet iry £ «• 

January 23-27, 1984 
New Orleans, 
Louisiana 


PLAN TO ATTEND 


SAVE MONEY: Preregistar before January 6, 1984 

™ d “ dUne December 23, 1903 
HOUSING EARLY Prereglstrallon and housing forms were 
published in Eos August 2 


ABSTRACT ISSUE: To be published In Eos, December 27 

FLY DELTA: Receive special discount. Call toll free: 
1-800-241-6760 (Georgia Residents 
1-800-282-8536) 

For more Information contact: AQU MeeHnffs, 
2000 Florida Avenue, N.W. 

Washington, DC 20009 
(202) 462-6903 



--J 


Separates 

To Order: The order number can be 
found at the end of each abstract; use all 
digits when ordering. Only papers with 
order numbers are available from AGU. 
Cost: $3.50 for the first article and $1.00 
for each additional article in the same or- 
der. Payment must accompany order. De- 
posit accounts available. 

Send your order to: 

American Geophysical Union 
1*000 Florida Avenue, N.W. 
.Washington, D C. 20009 


Geomagnetism and 
Paleomagnetism 

2U0 Tim Variations, Fxlaangootlon 
A DETAILED RECORD OF TOE LOWER JAIMQLLO POLARITY 
rajjanrow from a sootbbrii hekjbphiri met- ska bed hoot 

ilira-a*""? CtM Bt Utilly OMloilcal Obaarvatory, 
Fallaulu, Mil Tort, 109(4), D. V. Rant 

»*,**!• ,0VM JaraaUlo (revarsad Co 

■»«■ *») pola rity trultlaa vxa abtalasd Cron a aauth- 

mn haalapharo, dsep-eaa aeUnaac cora (lat-U.M'S, 


long-39. 97* E) . lb* racord eonalaci of ovar (50 laflii 
takso across 140ca of aacclon. Iha transition itaalf (■ 
racordad acroia approx laatalj 7 Oca and la repTeaantaJ 
by oora chan 475 apacleens froa about 160 laiala glvlnj 
lncaraadlaea dliacclona, Iba cranilcloa la idaotlilad 
by a naariy ISO - ahlf t froa dlractlona In good agraa- 
aaot with a ravaraad, axial dipoli (laid Co choaa 
Uoaely allgnod with a ooraal, axial dtpola Maid for 
eba core mlta lactcudo. Iha Inclinations ataliw 
gradually aarly io the ravaraal and paaj through very 
ataap Oagatlva voluaa (-80*) lata In the craaalcion. 
Iha dor llnat Iona show lirda appraclahla variation 
until Che loci IfiaClooa hava naval through eh, aitr 
vertical, and chon slowly approach valuta la agraaoant 
u lth a normal polarity Hold, An Jataoalty ]nv iccoa- 
paaloa the d tract loaal change daring which the lotao- 
■Ity dropa to laaa than 1 M of iha waalw* velvet 
otaorved In thla asnpla Interval. Iha locaaairy fine- 
Cuat loo apana a Wider Interval chan the dllirtlad 

thanga, dacraaalng prior to an* chuga U 

tha dlracc Iona n-l .!.•.■• tn^rvealag to pro -1 W 'I" 

l*nlo-hy-aho-aaai. luptli at which tha direction* )W' 
a tab l llaed . Tha VUP path conatraetad for thla rararaal 
la loogltudlnally conotrolned to a certain extent, 
between 140* and 230* for Intamdlata TOP latltndaa 
and in roughly cantered 120 * free the elte longitude. 
Yhlo path la thneaforo a far-aided TCP path In Bolfnaa I 
tatnlnology. Aaauolng a cooatant aedlaancatlon tata 
(67o/Ka) through tha JaremlUo Sobchron, tha duration 
of tha cranaltloa la oatlaatad to ha 11,200 yrl lo 
*,500 yra (dapondlng on tha criteria) for the dlf*' 
tlopal change, wharoaa tho aeaocUtad laterally varU- 
Clon occurred ovar 15,000 to 10,000 Tiara. Couwarei 
toga tha r with racarda of tha Boat recant eavaiial 
(Hatuyama/Bruohaa) In light of currant teaoiitlaaai 
fioid nodaia, this record acrasglf «ug|«* M **■* •*"* 
lower Jnrntllo tranal tional field waa danloatad “7 
different KonaooJca than tha Hatuyaaa/Bruohra tr * a * ' 
clonal field, (Polarity traoaUleo) 

•I. Ooophya. Rea., Barth, Paper 581126 
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RETURN THIS FORM WITH PAYMENT TO: 

Meeting Registration 
American Geophysical Union 
2000 Florida Avenue, N.W. 

Washington, DC 20009 


PLEASE PRINT CLEARLY 


NAME ON BADGE 


AFFILIATION 


MAfLING ADDRESS 


Telephone # 

Oays you plan to altend. 

Plaasa check appropriate box. 

D Monday □ Wednesday a Friday 

□ Tuesday □ Thursday 

Members ol Ihe cosponsoring societies 
may register at AGU member rales. 

□ Member AGU D Nonmember 

□ Member Cosponsoring Society 

□ ASLO'Amerlcan Society of Limnology 

and Oceanography 

□ ASA-Acoustlcal Society of America 

E AY®- Am0rlcan Meteorological Society 

□ MTS-Marine Technology Society 

□ OES-lnsillule of Ereclrical and Electronics 

Engineers Oceanic Engineering Society 


Prereglstrants 

Dark*! ffW b ( ? * n / our PWOfltelMttion 

packel. The reglslration fee will be refunded 

!Ms as b 0 ; Ess's ved ln 

preliminary program and meeting abstracts 
will appear In Ihe December 27 Issue of 
Eos and will be available al ihe meeting. 

Nonmembere 

The difference between member (or slu- 
dent member; regfe/rafton and nonmember 
reglslration may be applied to AGU dues if . 
a completed membership application Is 
received al AGU by April 25, 1984. Current i 
AGU annual dues are: $20 Members; 

$7 Student Members, ' 


AGU OCEAN SCIENCES MEETING SS 

January 23-27, 1984 

New Orleans, Louisiana 



registration form 

Deadline for Receipt of Preregistration 
JANUARY 6, 1964 


(Rates applicable only If received by January i 
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a»la dlBKltaitloa of SST In Iha hiatlng aeaaan, 
UJ ttanalilm pracaaa hotvaen thn Gyre ude and 
the CaaiMl .oda cl TkC. end (1) tha SST dlatrl- 
Uicion la tha coaling aaaaan. (St* surface 
teapatatura, Taugaiu Kara Current, OyeeMs). 

Scl. Bap. TOtoUi Unlw., got. 5 (T3hohj Gaaphya. 
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OCEANIC MI KM MEASURED FROM IKE SEAT LOOS 

*! U L : School of Ocaanagraphy, 

Unlvoralty Of Rhode I. land, llngaton. I.l! 0M81), 

D. Randolph Kalla, David Halpern, and Suaan bureau 
Matjatie Mhlant no Lao in the ocean at frequencies 
w-2: 5, W-» W* has ban ahown la be 

nigniy coital ited with urfaca wind need. Haaaura- 
■aot of nolle at tha aaifloor ylaldi eatlutee of 
"UMy » I K/«« lr' i .845) whan 
enpared with eoincldaxl aurfaca obiarvatlana. 
iha frequency dependence of tha wind apaad-nolaa 
relation reported by ortori (17 dg/dacada) hai ban 
confi road, «c apt thu aapatala calibre Lions era 
rtqulrad above and balob tha spaed eharaciorliliu 
white-cap i fonatlon. Thare la alio aono evldonca 
hydrography influanclog iha abaoluto 
calibration. 

J. Geophya, Raa., Oceana, Paper 3CI721 
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n^oVdodiy Diimbultons Neuf InlcrpLmcinry Shocks (hiper 3AI4(m 

W. C. FeUmtm. R. (' Anderson. S. J. Hum «•. J. T. GosIIiik. R. /». CwlcU, and E J Smith 
hnwitf Sbock-Splko EvenU al Ouusi-reipciuliculiir Shocks (Paper 3 A 1203) Robert fl. Decker 
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Physical Properties of 
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6905 Body Uavei (Sttwalogy) 

AZIMUTH, zneacr, Q. AND TEMPERATURE: variatiohi 
ON F-UAVE AMPLITUDES )H TOE UBIIBO STATES 
Uiett lutlar (Hawaii Intitule of Graphyal-.a, 
Vsiveraltf of Hawaii, 7523 Corral Ro>4. Honolulu, 
Havati 96371) 

Moan relative P-uava U aec) aoplitudr 
cbiracterlllici are detatalnad for atandardlted 
aalnlt ataticoa io tho United Srnn. Data are 
coopt ltd ( i ca threr aaimrha: io the north, 
■xploaioaa to Ruaafa; lo iha oorlbvrai, 
nrtbquilaa along tha Aaiav-Paclf Ic arc; and to 
the acuih-aoulhaaat . aaiihijuaXFa in Soulh 
Aaerlca. Cbaracierlaile racolver aapliiudoa ale 
found io be ailnuthally dopendeot. Hlgli- 
anplltudr aieaa occur in the cetilral Untied 
Stalra, aaJ luioai axpltcudea occur along iha 
Rocky Mount at a item rang# and iba Rio Graoda 
rid rone. Aarpt It (cation eflaclo of low-voloelty 
aedinooLi are algnUicanl lo tha central Untied 
Statea. Aalnutha) mplltuda varlattoaa lu the 
•tnarm Oailod IKiu ere loailMHl with an 
■noaaloui ai lanuattni or darucualng 6o4y to tha 
lower oantlo beneath Colrobia. Romh Aoorlca. 

Moo- IX lout hoi aarplitude nudLee ate tied to lb* 
axiautha) data ael to locteait atation mplltud# 
coveraga. Toe regional and local liability oi 
upliludta lo analyied. Amplitude a ere atable 
with in avorage variation of o rare or of about 
].l a round tha regional man. For aalamU 
at at tool at tui tad oo bard bedrock, tbr aqoirrd 
■■plicudi variation! are related to energy 
variation ia tho P wawofroota. Ackaow lodging 
tha likely importance of olaitic 
focoiing/dafocuaing and acattaring effacti at 
lodividual atatioaa, varlaliaaa of malaacic 
attanoatlon arr derived that aro cooaiiteol with 
tha obaervad ana tgy-aap) (cade varlatiooa. 

Aaiumlng that the variation! of analaitlo 
atlaauition occnr in the uppar 40D ka of the 
earth, hlgh-anpl ltude nation! may ba 
unaltanualad, low-amplitude atatlona aro 
cone! at ant with 0 -v 110, and a mam nplltuda 
(mol lea 9 s. 220 to MO. The raaga of va rial loo 
of q ia mapped into tamparatora variation!, 
aianmiog a thanoally activated Q naohanim and on 
ollvlaa aatlvatlon nnergy for thn upper winlle. 
The apparent 0 variation! aro coaaliteat' with 
temperature variation of 135° to 2B7 B C hervieo 
high- and low-aapl itoda iaiamic atation ait**- 
Oaopbyaical and pkyaiographie corral atioxi with 
tha P-^ava amplitude varlatiooa ara diaooaatd, 
dceoaatleg for Cba notion of tba Berth American 
plate, low P-wave bmplitalaa along the tocky 
Houotain front may ba related jo tba n?) Ift of 
tha Colorado Plateau. U* aaplltudoa axtaodlpg 
from nortbarn Taxaa to law England lie along tba 






Cimn.L. "'s'-miiOT uitompaillc Mlitcrillh (Caper 3111450) a t O'tMuuM IOJ43 .«„orilata beuadary or tha eontlnantal oraton. 

« Kcnin.lncll.n a £=X uffSSti X5 ^ 

1 luFnrJ ImpUcullonb of n Crustal l-'null Zone In Southwe*lcrn ^ “T ^d|V F 

L ^»SS8hSS^ Jnft.w-'fc-A'm.Alk Slgnnls lo Monitor Vtoffl EipS: Tb» fflCHdmn The J 

r-’X- nmjaw-. ,0JB . Natural 

^ ^ “^sssh: ::: \*W Conveno „ 

^^»tnriru“ llCRfl ^ rf ^ eI ^ n0V<,le (Paper3Dlm, . S.Me'rNokdxtthK’nd Kurt imbed 10^9 ■ 

dureof fb« Lithosphere M Mountain Rangel 3Bim 0 D Kimttr a „d A. 6. Walls lp^49 

Tbrff!t ^ w' A ReP ‘ y l ° iKkl ° a ^ ChM “ (Pir>er 3013221 J. C. Stmtg* nnd V.H. Prescott l6^« . ■§. . 

^TRMa*. Leveling ani Pelf r J. S^tcaa.Jr. . 

^rtbu, A,Dn “ lh ° C,lanin ^ nsp. mm-. Natural VariaHons,ln Carbc 

J* 6 3BM|Sf llon ° r Seamounts in ibe Bgitem Pacific Inferml From. Wlde-Dc.ra Sounding _ , ; geologUtS who are Studying i 

L s ’ u *iw or Abvxuii o ac Vzi m,u e' Hh modelers; and biologists, ocea 

d axi^ * *' v“rinfi”?t^ifo^oy Bi y^sy^ Ph'ri^g {Jg 1 JSVSXijlL- ' • 10419 ; present and potential futurere 

^ Btui CrvitniUraitonHiRtorv (Paper 38 Dig ^ , mf ^..ur t. aw I03M H Questions to be dlscutoed at 


6950 Salnlc Sourcon 

AN? 1.1 riCATIOH OF KOHEMf AMD STRAIN EURPCT RELEASE DUE 
TO lKr BRACT [09 BETWEEN DIFFEBEKT SIZE FAULT SLIP 20U15 
J.W. Rll'HlCrl (.Civil [rtgloeorlng Dopartamt. Horthvnatam 
Unlvaralty, Evans ton, ULlnOla, A02O1), E. H trash lex 
and J.6. Achenbach 

Pravlnna work of PudntckL and Katuxorl, which uaad 
cnl linear crack aalutlona to axanliie -tuxnt itatlvaly tho 
nifacta of fault allp conn Intaractloa on meoant ■ etraae 
drop, and at coin energy roLeaam. La oxtanded by cnnald- 
erlng tha affaeca of (nt a race (on faotwwaa dffforonc sire 
Blip zonma, Thn cnlcu lot Iona donanacrata that tha 
prcaancs of a largo pra-oxlltlng aillp aono can auh- 
stantlnlly aopUfy tha low frequency not ante nlgnal due 
to allp m a naarby acnllor allp Bona. For OKnnpla, II 
the length of tha largar nllp zona Is R, Lhar of Cha 
aaui liar ia 1/10, and the dletanca botwean tho naaraat ouda 
oi the aonea la 1/100, tba aalamlc taonont dua to mlfp on 
tha largar ronn induced by allp on the von liar xoua ta 
about 5 tinea that dua to altp on an lanlacod tone of 
length 1/10. Fur thereon, baenuae of tha Interact (cl 
batman allp ionee, tba moment dua to allp on cho annUat 
tone ia about 2.5 tinea the value for an Imolatod xc.no 
of tha aasa alia and aotjactad to the laaa of facxlwe 
atraaa. Coovoraaly, ai Lina tea of actaan drop baaod on 
tha oaiaarad valoo of tha momart and tho total length on 
which illy occuti eubstut icily undaiaatlaoca tha actual 
atraaa drop. Although tba atraaa drop on tha Intgar allp 
i one. la aaro, tha Induced allp lhar a doea coutrlbota to 

U i tba dirfarauco baewaan tha at rain aoaxgy change and 

o 

tha frictional work. In fact. It ia demonstrated that 
H ■ t _N/2u where t. Is tha effstclva straae, H Is tha 


actual value of th a aalamlc aonant and u la tha ahsar 
Bodulva. (Slip xono Intorattlon, faulting, moaant, 
atraaa drop). 

J. Ceephya. Baa., Earth, Pap at IB 11 IB 


6110 Elaatlclty, fr act Lira and flow 

TUB EFFECT OF TEMPERATURE AMD IMPURITY COMTEBT OS 

INMH1AT10S MARDnai OF QUARTZ 

Brian Iiau (Daparutnt of aaological and GaophyaloaL 
Ictancaa, Princeton Unlvaralty, Princeton, MJ UB544) 

Tha taaulta of aoea new and pravioualy pnbliahtd data 
froa indeatatioB hardaaaa tail! an nacortl and ayathotie 
guartx aa a (ooction oi taapirature prorid* aavoral 
Intaraating concluatona . indentation bardaeaa appear a 
{* b* *f fact ad by tba coacaarrat too of icao cationic 
Imporitlea but not by athira. A pray tana atady abovsd 
that quart! hardnaaa could ba aflactad by alaetro- 
lytieally in)actlng llthiim, hut tor the 6 natural 
quart! tmiplaa uaad In tbia acudy no correlation between 
atrurtural hydroxyl concent and hardnaaa oxlatad. 

Bavaral natural cryacala ahevad hardanlng cauaad by baat 
treatment! at temparaturaa of 6D0°C or higher (or 
lime* on tba ordor of aavaral houra. 

Two ayatbatlc cryotala ware taatad and aaplta froa 
one aboved a corralatioo oi hardnoaa with total hydroiyl 
coni ant. The hardaaaa oi tho weaken aynlhatlc cryatal 


$950 Se irate saurcei 

MUMHESS Al THE BASE OF IHE SLISHOCEHIC ZONE; 
C0NIRIBUT1M FAE10RS 

R. H. SlbHB (Daparinnl of Geological Sciences, 
linl varsity of California, Santa Barbara, California. 
93)05) 

Tha cut-mil depth of alcraralsnlc activity In conti- 
nental fault lonei appears lo correspond to the or sat 
of qrecnschl&t ntanorphlc conditions it about 300*E. 

It can generally ta modeled as Uiq transition froa 
frictional la Qvatl-plaitlc behaviour In quartio- 
feldipathlc crust. Shear raslstonca Increases with 
depth through tha frictional region to peak at tha 
transition, banaath which It falli air eiponintlelly 
with increasing temperature, larger earthquake 
ruptures (N >5.5) nucleate around thin transition depth 
where tha highest concentrations of strain energy oay 
eccioulala. Varying depth and aopl Itoda of the peak 
shear roil Hence along atrlte Induct fluctuations Ln 
strain energy concentration at the base of tho aelsra- 
ganlc tone. Factors affecting tha dapth of the 


transition Include crustal composition, qeooetry and 
nodi of faulting, fluid pressure levels In the 


nodi of faulting, fluid pressure levels In the 
frictional regime and water content In the quasf- 
plastic regime, quasi -plastic itraln rata and geothermal 
gradient. Eva) union of their relative Importance is 
csrp] Jcaiad bereuir a ereru) ere Interdapendeni . How- 
ever, compositional change may causo abrupt Irregulari- 
ties In seismogenlc depth and peak shear real stance, 
while regional variations tn heal flow look to be 
particularly affective In creating lurg-wavclengih 
heterogeneities In strain energy concentration af feel- 
ing faulting style. (Salsmogenesls , focal depths, 
fault heterogeneity). 


kea., Earth, Papar IS 1 724 
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A rAULIlIC HUOEl FOR IHE 1979 IMPERIAL VRLLEl 
EARIHQvArE 

Rrchulata, Ralph J, (U.i, Geological Survey, 345 
Hind I afield Road, h> 7), Menlo Fart, (A 91025) 

By ccoparlng tyntnetic particle velocities with the 
neor-source stronq-motlon data we have torsi rutted , Or 
trial ami error, a faulting model for the 1979 
Inparlal Valley earthquake. Tne calculation of the 
Synthetic silsnoqrans take! Into account the vertical 


inhomoganalty 01 the elastic pararciers in the 

lope rial Valley and cha spatial variation of the il Ip- 


rate paraisetars on the fault plane. Ihe independent 


clip-rate parameters are it ) tha lirlke-sllp rate 
amplitude, (II) the dtp-slip rale amplitude, (III) the 
duration that slip race li nwi-rero (the rise tin* of 
the slip function) and flv) the mp lure tint, welch 
data mines whan the slip rata Is Initiated. Our 
faulting model hat tha lollowlnq principal features: 
111 fiulllng occurred on the Imperial fault and on the 
Brawlej fault, rupture on the Brawley fault being 
triggered by rupture on the Inparlal lault, (2) Ihe 


Imperial fault is a plana 15 kn long and 13 kn wide 
with a strike of iJr, measured clockwise from north. 


and a dip of ad° HE. Ihe Brawloy fault ll a in kn 
long and 8 kn vide plane with a strike of 360° and a 
dip of 90°. (3) Faulting on the Inparlal fault (1 
primarily right-lateral strike slip with a small c op- 
ponent of normal dip slfp In the sediments at Hi 
nortbarn and. Tne larger atr Ike-sllp rate* ere gra- 
erel ly confined between depths at S and 13 ta with 
mat nun valuaa of about 1.0 a/t. The duration virlof 
on the fault with a naxloin of 1.9 s, wfilch Is con- 
siderably shorter then tha total tin for the rupture 
to taka piece. (4) The rupture velocity on tha 
Imperial fault Is highly variable. Locally It exceeds 
the shear wave velocity, and In one Imtance, the 
coipraaslonal wiva relndty. The average rupture 
velocity, l bough, is less than the shear wave vel- 
ocity. (5) Although tha slip on tha Brivley fault 
contribute! only about 4 percent of the total moment, 
U greatly affects tha ground axjtlon at nearby 
stations. (61 Tha total saliolc awrant la 8.1 »,Ilr 
Ha when the Inearlil fault contrleutn 8,4 x IO 10 Hi 
and tA* Brawls/ fault contribute* 2.1 t IO 1 * He. la 
the procat* of trying aloost 300 faulting Wdels, 
found that given the elastic parameters of the medium, 
the vothaefe seluogrami were most sensitive to tha 
specif lext Ion of the rupture time. Although the Blip 
rate araHtudRR are lleeirly related to the data, the 
rupture lira and the duration art not. The parameter- 
ization of tha Mojillniar variables hn a strong orfact 
oa Iha ganoratlon of ayntheUc aalsMgrdms from « 
finite faa U. (Earthquaka, Stroog Notion, Model fng, 
lope rial Valley). 

J. Ceopkpa. Baa., Earth, Taper MllH 
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Natural Variations, In Carbon Dioxide and tho Carbon Cyde will bring together 
geologist? who are studying various aspects of carbon cycle history; geochemical 
modetera; and biologists, oceanographers, and meteorologists who are fnmlltar with 
present and potential future relationships among the carbon cyde, atmospheric CCh 

and climate. ' . ' .. * _ ■ . , 

Questions to be discussed at this conference are: What were the causes of carbon 
cyde variations? How were they related to atmospheric COa? Were they associated 
with climate changes consistent with the COj/dimate predictive modelj)? What are 
the long-leirn geocheiplcal Implications of fossil fuel CO*? 

.. The meeting will emphasize the geologic record, and ivfll Include overviews by 
expertti on tiie application of ocean modeling, climate modeling; and the biosphere 
modeling to QOg as well as sessions emphasizing the geological record . 
Presentations will be organized around six time slices: the last 2, 000 years, the last 


•jM-OOd years, the last 2 million yeors, the Cenozolc. the Phanerozofc, and the Pre- 
* Cambrian.' Don't mJsi thh exdting programl ■ 

. . I it: ulll l. L . Ll. I in L. , 


otfsihv infariMtlon to/// be available by November 30. To be placed on a 
CO* Meeting, 2 000 tbrlda Avenue. N.V(., Washington , DC 20009 


igrani Irifonnatlon contact: B. T. Sundqulgt, U.'S. Geological Survey, 431 
^Center, Reston, VA 22092 (703) 860-6053. \ 
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